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A . INTRO DUCTIO N
During the last few years electrophilic displacement 
reactions have been the center of considerable Interest, In 
many instances mechanistic studies have been carried out on 
cleavages of carbon metal bonds since metal cations are good 
leaving groups possessing low electron affinity. Many 
cleavages have been studied, particularly on Group IV organo- 
metalllc compounds. The following are illustrations of such 
cleavages (eqs, 1 & 2 ),
R4 M + HX ----- » R 3MX + RH (1)
Rij,M + X 2 ------» R 3MX + RX (2)
where M = silicon , 1 germanium, tin and lead2 
X = halogen
A vinyl-metal bond cleaves more readily than a 
saturated metal bond in an electrophilic cleavage reaction 
presumably because of the unsaturation, Kanazashi^ has 
shown this by the cleavage of vinyl-trimethylsilane by sul­
furic acid. The vinyl group was removed preferentially, 
Electrophiles such as halogens usually add to the double 
bond without effecting carbon-metal bond cleavage. However, 
Sommer^ reported the cleavage of -styryltrimethylsilane 
with bromine.
- 1-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
2Electrophilic cleavage occurs with great ease in 
organometallic compounds containing an allyl group attached 
to a metal atom. An allyl group has been reported to 
cleave preferentially over a vinyl or phenyl group when 
attached to silicon,^ germanium,^ tin,? lead8 or mercury.^ 
Sommer^ has depicted the electrophilic attack of a proton 
on the terminal position of the allyl group with subsequent 
loss of the trialkylsllane (eqs. 3 & 4).
©  ©
R 3SI - CH2 - CH = CH2 + HA ---- > R^Si - CH2CH - CH3 + A (3)
© ©
R^Si - CH2 - CH - CH3 + A ----» R^SIA + CH2 = CH - CH3 (4)
Nasielski'*'® has cleaved tetraallyltin with iodine and
Q
showed it to react about 10 times as fast as tetra-n-propyl- 
tin. He postulated an SE21 mechanistic pathway.
R^Sn -^S?2 - CH =TcH2 + I ^"i--- > R3S? + CH2 a CH - CH2I
+ 3® (5)
Winstein^ has shown conclusively an SE 1 type mecha­
nism for the cleavage of allylmercurlals by acid. Cleavage 
of cinnamyl mercuric derivatives by perchloric acid in acetic 
acid proceed in the following manner:
R
©
. S  V  NJZ = CH - CH2 - HgBr
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3Mangravite and Verdone^ studied the electrophilic 
cleavage reactions of trialkyl substituted crotyl tins with 
acids in particular. These reactions produced gaseous pro­
ducts (1- and 2-butenes). The reactions appear to follow a 
similar pathway as that postulated by Nasielski above. It 
appears that in a system of this type one is concerned with 
a flow of electrons from carbon atom to carbon atom.
Our initial goal was to study electrophilic cleavage 
reactions on the homoallyllc norbornenyltin system.
1
If a carbonium ion is the Intermediate, then due to the 
highly rigid ring structure and favorable transannular dis­
position it was believed that this carbonium ion would then 
attack the carbon metal bond across the ring. As the experi­
mental work progressed our efforts became involved with 
three major topics, namely, free radical addition of trimethyl­
tin hydride to norbornadiene, free radical reactions of 5“ 
substituted norbornenes and electrophilic cleavage reactions 
of the dehydronorbornyltrimethyltin system.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4B. PREPARATION AND CHARACTERIZATION OF DEHY­
DRONORBORNYL AND NORTRICYCLYLTRIMETHYLTINS
I . BACKGROUND
Free radical additions to norbornadiene and norbor-
nene have been investigated in the past. It has been found
that addition of mercaptans to olefins proceeds via a free
radical chain mechanism^
RS. + ^ C  = C C  » RS -C - C. (6 )
^  I I
I I  I I
RS -C - C. + RSH --- » RS -C - C - H + RS* (7)
I I  I '
ditlon of thiols to norbornadiene Involved 1 ,2-addltion or 
1 ,5~homoconjugatlve addition and whether the products are 
derived from the two isomeric free radicals 2 or 2. or from a 
non-classical mesomeric homoallylic radical 4,
Cristol’s work was designed to determine if the ad-
Two possible mechanisms were considered
Classical - ArS* + (8)
*1
1 (9)







Non-Classical - ArS. + i r b i  — » a  (1 2 )
*£ + ArSH  ^ £  + ArS. (13)
k- + ArSH kc; 6 + ArS* (14-)
“  — 2-=>
Cristol used the method of Seubold-'-**' to distinguish 
between the mechanisms. He conluded that the non-classical 
free radical intermediate did not play a role in the overall 
reaction. The overall reaction involved an exo attack by the 
RS» moiety.
The free radical addition of p-thiocresol to nor­
bornadiene leads to mixtures of the exo-5-norbornen-2-ylaryl 
thioether formed by 1 ,2 -addition and the 3-nortricyclyl aryl 
thioether formed by homoconjugatlve addition . ^  The ratio of 
tricyclic product to bicycllc product depends upon the initial 
thiol concentration. This requires that there be present at 
least two interconverting radical species which give rise to 
products. The simplest assumption is that these are the two 
classical radicals, similar to 2 and 2  above.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
been reported.
Addition of sulfenyl halides to norbornadiene have 
16
p-toluene „ oA
sulfenyl f f  ^ v S A r  (exo addition) (1 5 ) 
chloride
Sulfonyl chlorides have been added to norbornadiene.-^
p-toluene 




S02Ar (1 6 )
The endo chloride is obtained due largely to the large 
ArS02 group. The reaction is believed to occur by classical 
free radicals.
Formation of the nortricyclic product depicted above 
is rationalized on the basis of slow chain transfer of the 
intermediate radicals with the sulfonyl chloride allowing suf­
ficient time for rearrangement of intermediate radicals.
SC>2Ar
s°2Ar (17)
When benzenesulfonyl iodide was added to norborna-
“1 O
diene, vigorous reaction occurred. The product was a 2:1 
adduct of benzenesulfonyl iodide to norbornadiene. It is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7"believed one of the following structures:
The reaction of benzenesulfonyl halides with norbornadiene 














^ + 0SO2 1
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8If this mechanism is correct and if kg and k_g are 
of the same order of magnitude as ky /ArSC^X/, then the 
following consequences are predicted: (1) As the nature of
X is varied, the ratio of 12 to il will increase as the 
tendency to chain transfer (ky) increases. Thus the ratio 
should increase as X changes from chlorine to bromine to 
iodine. This is found to be the case. (2) As one lowers 
the concentration of a given halide, the ratio of 12 to 12  
will decrease. On the other hand, if the non-classical 
homoallylic radical 1*+ were the sole intermediate leading 
to 12 and 12 isomers, changing the concentration of halide 
would not affect the ratio of 12 to 12., and the effect of 
varying the nature of X would not necessarily be predictable. 
The ratio of 12 to 12. does change, thus eliminating a non- 
classical free radical such as 1^ ,. This, in agreement with 
results of other workers,1^ & ^  seems to substantiate the 
conclusion that non-classical homallylic radicals of type 
1^ do not exist in the dehydronorbornyl-nortricyclyl series.
Other free radical reactions involving norborna­
diene have been investigated, in particular, with such re­
agents as carbon tetrachloride* chloroform, butanal and
20
heptanal all in the presence of peroxide. All of these 
reagents when added under free radical conditions to 
norbornadiene afforded only nortricyclyl derivatives. Thio- 
phenol was the only reagent employed that gave both saturated
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
and unsaturated products. The mechanism for the reactions 
can be depicted as follows:
Peroxide k9 . 2In»
In. + X - Y k10, In - Y + X-
c b + x. k iiy
X
k-12




l ife? + x *
1Z
16 + X - Y
1 5  +
. Y i ^ + X-
18
i£ + u b  x
2X • k17 ^  X-X
X. + 15 16 '— ■■■> 1:2 adduct
2 (1 5 ) - ■» dimer 
2 (1 6 ) - ■■■> dimer*
















It was found that for.the reactions which give only 
nortricyclenes (all except thlophenol), the corresponding 
chain transfer constants are consistently low (•~-.2), This
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
10
indicates a slow chain transfer step and gives some quanti­
tative "basis for the postulate that radical rearrangement 
occurs faster than chain transfer with k b e i n g  considerably 
greater than k ^  and kli(<. The result is that the rearrange­
ment to the nortricyclyl radical (1 6 ) competes favorably with 
chain transfer by intermediate 1£. Thlophenol, on the other 
hand, gives rise to "both nortricyclene and norbornene deriva­
tives. As might be expected, its chain transfer constant is 
markedly higher (^19) than any other recorded. This then 
suggests that k-j^  and are of the same order of magnitude 
when thiophenol is used as the addend and that, in turn, 
chain transfer of intermediate is able to compete with the 
rearrangement step.
Competitive reactions between norbornene and nor­
bornadiene were also run.
These results indicate the double bonds react independently 
with no tendency toward anchimeric assistance by the double 
bond. In every case the substituent on the nortricyclene 
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11
0 * 1
Huyser and Echegarary reported that the Internal 
double bond in 5-methylene-2-norbornene did not enhance 
abnormally the reactivity of the molecule toward •CCl-j attack, 
Rather they found that the diene reacted as the sum of its 
isolated double bonds, which is further evidence against the 
existence of a non-classical radical.
(33)+
1 , 0 00.23
Thus in all of the free radical additions considered up to 
this point exo addition was the rule.
Trimethyltin hydride has been found to undergo free 
radical reactions, Kuivila mentions the possibility of a 
free radical chain mechanism for the addition of tin hydrides 
to olefins. An attractive reaction sequence is shown in Eqs. 
(3^-37).
Initiator ■ ■■ ■ ■> 2R. (3^)
R. + Sn-H --- » R - H + Sn- (35)
V I _
Sn» + .> Sn-C-C^ (36)
1 1 1 • / VSn-C-C. + Sn-H ---- » Sn-C-C-H + Sn. (3?)
Neumann and Sommer^ have shown that compounds con­
taining terminal and non-terminal olefin and acetylene groups 
add organotin hydrides in all cases investigated by a radical
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
12
mechanism and not by a polar mechanism. Several examples 
can be cited. These workers added trlethyltln hydride to 
styrene.
PhCH = CH2 + (C2H5 ) 3 SnH 100°  ^ PhCH2 - CH2SnEt3 (3 8 )
They also added trlethyltln hydride to an unsaturated (non­
terminal) ester.
MeCH = CHC02Et + ( C ^ H ^ S n H  80° ^ Et3SnCHMeCH2CC>2Et (39)
In each case, 2,2*-azobis-(2-methylpropionitrile) was added 
and the reaction was accelerated. When 2.6-dl-tert-butyl-c£-  
(3 ,6-dl-tert-butyl-^-oxo-2 ,5-cyclohexadien-l-ylidene)-p- 
tolyloxyl was used the reaction proceeded very slowly.
These experiments ascertained the radical nature of the 
hydride addition to unsaturated carbon-carbon bonds.
The first segment of this thesis is concerned with 
the free radical addition of trimethyltin hydride to norborna­
diene. It seemed of interest to determine similarities and 
differences between the organo tin hydride addition to bicyclic 
olefins as compared to other radical additions. Trimethyl­
tin hydride was added to norbornadiene photolytically under a 
variety of temperatures and concentrations. The results 
showed that the trimethyltin hydride added in such a way as 
to give three products, the nortricyclyl, endo- and exo-dehy- 
dronorbornyl tin isomers. The ratios of these isomers varied 
with the ratio of reactants and temperature. At 60°, under
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
13
photolytic or thermal conditions, the same ratio of isomers 
was obtained.
+ (CH^)SnH hv +
or
+
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
II. RESULTS AND DISCUSSION
1. Preparation of Nortrloyolyltrlmethyltln and Endo and Exo 
N orborn-2-en- 5-yltrlme thyItIns
Compounds having the bicyclo /2*2»17 skeleton can he
prepared in at least two different ways. The most common
way is a Diels Alder reaction. Preparation of the mixture of
2*4-
the isomers by this method was effected by Kahn in these 
laboratories.
+ CH2 = CHSn(CH3)3 Sn m )
The other method is addition of trimethyltin hidride to 
bicycloheptadiene. This was the method of choice in the pre­
sent work. The reaction was carried out experimentally in 
two different ways, thermally and photolytlcally, each route 
affording the same results.
A .60° v
+ (CH3)3SnH j V s '? (W)












Using a free radical initiator, such as 2,2'-azobis(2-methyl- 
propionitrile) the same results are obtained.
norbornadiene went smoothly; however, separation of the iso­
meric tin compounds proved to be a difficult task. Thin layer 
and column chromatography were inadequate. A variety of gas 
chromatographic columns were employed. Analytical separation 
was effected by the use of 1 ,2 ,3-tris-2 -cyanoethoxy propane 
on Diatoport P. Quantitative separation on an analogous 
preparative column was ineffective. Thus subsequent work was 
confined to analytical data obtained on the isomeric mixture.
2. Characterization of Isomeric Tin Compounds
a. Infrared spectral data
The structures of the isomers were assigned on the 
basis of I.R. and n.m.r. data as described below.
The 3-substituted nortricyclene and the isomeric 5" 
substituted bicyclo /2 »2 *1~J hept-2-enes are readily dis­
tinguished by characteristic differences in the infrared
The addition reaction of the trimethyltin hydride to
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spectra. Nortrlcyclenes are known to absorb at 3070cm- 1  
as a result of the C-H stretching of the cyclopropyl hydro­
gens and have a characteristic band in the 8 0 0cm”-*-
o if O (\
region. ■3’' Nortrlcyclenes possessing substituents on the 
cyclopropyl ring absorb near 860cm- 1  and 780cm“ t L' Un­
saturation in the norbornenyl system appears in the 1580cm- 1  
to 1565cm-1 region.2^*2®
Compounds 12., 18. and have bands of medium inten­
sity in the 3060cm- 1  region. The nortricyclyl isomer 1£
absorbs very strongly at 800cm”1, The unsaturated analogs
— 117 and 18 have no absorbance at 800cm . The carbon-carbon
double bond stretching frequency of the norbornenyl oleflnic 
bond appeared at 1570cm- 1  in the two spectra of 12. and 18. 
This band was absent from the spectrum of 1£. A sharp ab­
sorbance at 1330cm- 1  appears in the spectra of 1£ and 18 but 
is absent in the spectrum of 1£, This absorption is due to 
the els-subs1 1tuted double bond carbon hydrogen stretching 
frequency. Only the norbornenyl compounds display weak, 
broad bands in the 1620 to l6i('0cm“1 region. It should be 
mentioned that the 825 to 890cm”1 is devoid of bands in the
spectrum of 1£. This indicates that this compound is de-
27finitely not a 1-substituted nortricyclene derivative, '
The norbornenyl compounds 1£ and 18 have very weak absorp­
tions between 800 and 803cm”1 , In contrast, compound 1£ has 
a strong band at 800cm”1 . The norbornenyl compounds also 
have a weak absorbance at 30if0cm”1 which is absent in com­
pound 1 9 .
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Only slight differences exist in the infrared spectra 
of the endo and exo isomers. The two characteristic peaks 
of the trimethyltin group in the 1200 and 750cm"1 region are 
clearly visible. The important spectral differences among 
the isomers are listed in Table I.
Table I
Differences in the Infrared Spectra 








b. Nuclear magnetic resonance spectra
A number of extensive studies to interpret the n.m.r. 
spectra of blcyclic compounds have been made recently. These 
studies have facilitated the task of structure assignment by 
means of the n.m.r. spectra of 12 and 1 8 .
1817
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Karplus2^ studied the relation between the dihedral
angle and the coupling constant and found that all cls-
disubstituted olefins should have vinyl proton couplings of
6.1 c.p.s. The trans-dlsubstituted olefins show vinyl
30 30
proton coupling constants of 11.9 c.p.s. Chapman-' has
found that the vinyl proton coupling constant in cls-cycllc 
olefins depends on the ring size. A number of norbornenyl 
derivatives have been investigated-^ ^ and the vinyl 
proton coupling constant varies between and 6 . 0  c.p.s.
The coupling constants between the vinyl protons and the 
adjacent bridgehead proton show values between 2 . 2  and 3*3 
c.p.s. This value fluctuates depending upon the particular 
substituent. These data seem to indicate that the coupling 
constants in the series 12. and 18 should lie within a narrow 
range: = 6 c.p.s. and Jal:) = Jcd = 3 c.p.s.
The vinyl region in the n.m.r. spectrum of 5-exo- 
trimethyltin-2-norbornene (I) is shown in Figure 1, This is 
an easily recognizable AB type spectrum with a slight pertur­
bation of 3*0 c.p.s. This is caused by the coupling of the
bridgehead protons with the adjacent vinyl protons. By a
32
normal AB analysis,-' J-bc = 5*5 c.p.s. with = 15 c.p.s.
It is interesting to note that the olefinic proton 
splitting pattern for 5-endo-trlmethyltln-2 -norbornene 18, 
shown in the figure, has little similarity with the same 
spectral region of the exo isomer 12.* The vinyl and bridge­
head protons could be considered an ABXY system. A system




The Vinyl Region in the 
N.m.r, Spectra of 
Bicyclo /2*2«l7 hept-2- 
en-5-yl Trimethyltin.
Exo
1 t %\ it* t
6.5__________ 6*0__________ Iti__
S in P.P.m.
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of this type should give a complex spectrum under ordinary 
circumstances. In certain cases, a "simple spectrum" is 
obtained.33 in such spectra the line separations in each 
group of the spectrum are equal to the average of two or 
more of the coupling constants involved. The explicit 
values for the coupling constants cannot be derived from a 
consideration of the spectrum alone. A method used for con­
verting these "simple spectra" into more complex, and more 
informative spectra, is based upon the increasing of the 
chemical shift differences between some or all of the pro­
tons involved. Varying the substituents could give the 
desired result. This result may also be effected by varia­
tion of the solvent in which the spectrum is taken and 
determining specific solute-solvent Interactions. It appears 
that the most effective method would be to determine the 
spectrum using a magnet of greater strength. The chemical 
shift of the protons should be effected since the shift is 
directly proportional to the strength of the applied field. 
These methods have been employed by Abraham,33
The literature-^0 ' ^  reveals that changes In the 
stereochemistry, number and nature of the substituents on 
the 5-. 6- and 7- positions of the norbornene skeleton cause 
little change in the coupling constants among the vinyl and 
bridgehead protons. As expected, the change of the stereo­
chemistry of the 5-'trimethyltin group from exo to endo is 
very small. As a result, the vinyl coupling constant Jbc is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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about the same in both 1 2 and It is safe to assume that
Jcd = Jab and Jac = Jdb*
The bridgehead protons of the endo isomer Jg. are found
as a broad peak which is an unresolved multiplet. One can
assume that this is the result of coupling with many protons
Only a detailed consideration of the vinyl region is possible.
This can be made apparent by considering a proof
I'dsimilar to the one employed by Warner in dealing with an 
analogous silicon system. An ABXY system can give a simple 
spectrum of two triplets as indicated by Abraham and Bern­
stein.-^ Applied to the dehydronorbornyltin isomers, the 
equation for the vinyl protons would bet
3bc + i U a b  - Jao + Jdb - Jcd> ) " / 2 Jbc< A  V i  W )
where Sbc refers to the chemical shift difference in c.p.s, 
between Hb and Hc . The symbol A  is the band width at 
half height of the component lines and has a value of approxi­
mately 0.3 c.p.c. for the Varian A-60 Spectrometer. If one 
assumes that Jbc = 5.5 c.p.s., Jab = Jcd, and Jac = Jd b , it 
is found that ^  1.9 c.p.s. According to Abraham the 
line separation of the observed triplet will be equal to:
iIE
dab + dac + dcd + ddb (^5)
Using the same values found for the exo Isomer 12 and as“ 
suming that Jac = Jdb =■ °» a line separation of 1,5 c.p.s, is 
obtained which is close to the experimental value of 1 , 8  *
0 , 1  c.p.s.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
22
This shows that the chemical shift difference between 
vinyl protons is small. One may consider these protons as 
an A 2 system rather than an AB system. The bridgehead pro­
tons have virtually identical chemical shifts, thus the 
olefinic and bridgehead hydrogens can be considered ^2^2 '
Once more it is possible to obtain a simple spectrum.^3 it 
can be shown that the spectrum of 1£ is consistent with struc­
tural assignment by employing the reasoning of A b r a h a m .33 
Conditions wherein an A 2X 2 system would give a simple spectrum 
are covered by the limits
(J« - J")2 / 2(Jbc - Jad)< a V ^
where J* = Jab = Jdc and J" = Jac + Jab
Two observations need to be considered for the vinyl 
protons of 18: (1) the coupling between a vinyl hydrogen and 
the nearest bridgehead hydrogen is of the same magnitude as 
the coupling between a vinyl proton and the furthest bridge­
head hydrogenj or (2 ) the coupling constants involved in the 
vinyl region are approximately the same as those found in the 
exo isomer 12.. In the first case, which is not a simple 
spectrum the line separation in the triplet would be equal 
to (J1 + J")/2. This would lead to a value of J' of 1.8 
c.p.s. which is much smaller than any value previously ob­
served for norbornene derivatives.-^1, ^  It seems unlikely 
that a drastic distortion or electronic effect could lead to 
a change of this magnitude in the vinyl coupling constant.3^ 
In the second case one is dealing with a simple spectrum and
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equation (^6 ) is applied. If J-bc = 5-5 c.p.s. and Jad =
0 c.p.s. then J 1 - J" is equal to or less than 1,8 c.p.s. 
Experiments show the line separation in the triplet is 1.8 1 
0.1 c.p.s. The line separation for an "A2X 2 simple spectrum" 
is equal to (J* - J")/2, Giving the maximum value for J 1 - 
J", the following values are obtained: J ’ - J" = 1.8 c.p.s.}
J* + J" = 3 . 6  c.p.s. Solving for J ’ and J", the following 
coupling constants are found: J' = 2.7 c.p.s., J" - 0,9 c.p.s., 
J-^ = 5 . 5  c.p.s. and Ja(^  = 0 c.p.s. These values are com­
parable to the values obtained by Laszlo and Von R. Schleyer 
for other norbornenyl derivatives. Using the method of 
Pople-^ for the A 2X 2 system the coupling constants are con­
sistent with the line positions observed and closely adhere 
to the experimental relative intensities.
The chemical shifts of the vinyl protons of the exo 
isomer 1Z are separated by 15 c.p.s. The endo isomer 18 has 
a separation of chemical shifts of approximately 1 . 9  c.p.s.
This phenomenon could be the result of a contribution by 
the magnetically anisotropic carbon-tln bond. Since the n.m.r. 
spectrum of the endo-exo tin Isomers are in agreement to 
those obtained by Warner with the endo-exo silyl isomers, 
the calculations and conclusions for both sets of isomers are 
in excellent agreement with one another.35
c. The bridgehead region
The bridgehead protons product a chemical shift which 
is a function of the stereochemistry at and the electro-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
negativity of the tin functional group. Apparently the 
carbon-tin bond can shield neighboring protons. In the 
first place, the inductive effect of the trimethyltin group 
on the chemical shift of a proton three single bonds away 
would be small. Thus, it is found that Ha and of 18, have
the same chemical shift, 2 . 9 0  p.p.m., only 4 c.p.s. below 
that of the corresponding protons in norbornene itself. In 
the exo Isomer 12. two peaks appear in this region, one at
2 . 9 0  p.p.m. and the other (H^) is shifted upfield to 2 . 6 8  
p.p.m. This additional shielding of approximately 10 c.p.s. 
is evidently the result of the magnetic anistropy of the 
carbon-tin bond.
d. The nortrlcyclyl system
The N.M.R. spectrum of the nortrlcyclyl tin isomer 
is nearly identical to that of the nortrlcyclyl sllyl com­
pound prepared by W a r n e r P ^  Variations encompass only minor 
differences in the methylene region. The resonance peak of 
the cyclopropyl hydrogens is present as a singlet (1 .0 0  
p.p.m.). This peak is separated from the methylene peaks so 
that it can be identified. The methynyl proton Hc is shifted 
upfield and is a singlet at .58 p.p.m. The trimethyltin 
peak is found at -.01 p.p.m. Thus all of the spectra are 
similar to the Isomeric norbornenyl and nortrlcyclyl sllyl 
Isomers characterized by Warner.^5




Chem, shift Area (calcd,
p.p.m.a & actual) Multiplicity Assignment
EXO
6 , 1 0 1 unsym. quartet b or c
5,81 1 unsym. quartet b or c
2 , 9 0  1 broad singlet a
2 , 6 8 , 1 broad singlet d
0 .1 7 - 1 . 8 5  5 complex
0 , 0 2 9 singlet Sn^E^)^
ENDO
5 . 9 0 2 triplet b and c
2 . 9 0  2 broad singlet a and d
0 .8 1 - 2 , 1 3  5 complex
-0.13 9 singlet Sn( 0113)3
NORTRIGYCLYL
1 . 9 0 1 broad singlet d
1 , 0 8 - 1 . 2 5  4 complex
1 , 0 0  3 singlet a, b, g
0 , 5 8 1 broad singlet c
-0.05 9 singlet Sn( 0113)3
a Probable errors are ± 0.05 p.p.m.
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e. Preparation of saturated, tin analogs
The isomeric mixture was subjected to catalytic 
hydrogenation using a platinum on charcoal catalyst. The 
saturated analogs have different retention times from the 
unsaturated system using a g.l.p.c, column composed of 
1,2,3-trls-2-cyanoethoxy propane on Diatoport P. Contrary 
to past r e p o r t s ^ ®  double bonds in an organotin compound can 
be hydrogenated.
A more facile experimental procedure was also 
employed successfully. However, the yield was considerably
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3. Isomer Distribution Study of Trimethyltin Hydride Addi­
tion to Norbornadlene
In the photolytic addition of trimethyltin hydride to 
norbornadiene varying amounts of the nortrlcyclyl, endo- and 
exo-dehydronorbornyltin isomers were obtained depending 
upon reaction conditions. This work is summarized in Table II.
The first experiment shows the production of the 
three tin isomers. In other radical additions to norborna­
dlene, elaborated on in the Background of this part of the 
thesis, the predominant product was the nortrlcyclyl adduct.
In our case the nortrlcyclyl adduct is a minor product. Ex­
periments 2 and 3 were designed to determine if the amount 
of each isomer would change upon decreasing the temperature 
from 55° to 0° to -75°« The product ratio does change. (Exp.
1 , 2 and 3 ).
Experiment ^ was designed to cause the nortrlcyclyl 
tin isomer to predominate. The temperature was raised to 
150°, using a high boiling solvent. Although the amount of 
nortrlcyclyl tin isomer was doubled, it still was a minor 
product.
Experiment 5 and 6 afforded the most Interesting 
results. Variation of concentration (trimethyltin hydride: 
dlene = 10»1) eliminated the endo Isomer completely. It 
seemed likely that this was due to isomerization of the endo 
Isomer to the nortricyclene due to the excess trimethyltin 
hydride. Experiments designed to test this hypothesis are 
found in the next section of this thesis. Using a ten fold

















Addition of Trimethyltin Hydride to Norbornadienea
Products formed: %. mmoles1
Esp. M°h v L l t e 10 Conditions f V ^  I L X J  f  > S n ( C H 3 ) 3
# dlene (Pyrez. 100 w lamp) ^  ^-XSn(CE?) 3_________sn(CH?) 1
1 1:1 hv, 55°, 2 hr. 53 t 0.4 
. 1 0 6
36 t  0.3 
.72
11 t  0 . 3  
.22
2 1:1 hv, 0°, 5 hr. 50 ± 0.3 
.100
41 t 0.4 
.82
9 + 0.4 
.18
3 1:1 hv, -75°. 8 hr. 40 ± 0.4 
.8
55.5 t 0.2 
1.11
*.5 ± 0.5 
.09
4 1:1 A, 15°°i mesitylene 
(thermally)
46.4 t 0.3 
.93
27.0 ± 0.4 
.5^
2 6 . 6 t 0.4 
.53
5 1 0 : 1 ' hv, 5 5°, 2 hr. 5 2 . 3  ± 0 . 2  
1.05
0 47.7 ± 0 . 2  
.95
6 1 0 : 1 hv, 5 5°, 20 hr. 53 ± 0 . 2  
1 . 0 6
0 47 t 0 . 2  
.9^
7 1 :1 0 hv, -7 5°, 8 hr. 48 ± 0.4 
.96
42 + 0.4 
.84
10 t 0 . 5
.2
a Reactions were run twice with per cent deviations given for duplicate runs. 
Upper figure is per cent, lower figure is mmoles,
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deficiency of the tin hydride (exp. 7 ) an appreciable amount 
{k2%) of the endo product is obtained.
Experiments 5 and 6 were designed to effectively 
trap a free radical intermediate if one predominated. Re­
sults show that at least two free radical intermediates are 
present since endo and exo tin isomers are produced. The 
third isomer, in effect, may be the result of a discrete 
nortrlcyclyl intermediate or the result of an isomerization 
of the dehydronorbornyl radical. Experiment 7 was attempted 
in order to determine if the nortrlcyclyltin isomer is a 
primary product of the reaction or the result of a secondary 
process involving the isomerization of an intermediate free 
radical. If the nortrlcyclyltin was the result of isomeriza­
tion, . then using a ten fold deficiency of trimethyltin hydride 
at low temperatures (-7 5°) should produce a minute amount, if 
any, nortrlcyclyltin isomer. The results show that the 
nortrlcyclyltin Isomer is formed in amounts comparable to 
those obtained in experiments 1 and 2. Since experiments 1,
2 , 3 vs. 7 appear to give conflicting results as far as the 
nortrlcyclyltin Isomer is concerned, thus the exact origin 
of this Isomer cannot be inferred.
Generally speaking in the free radical addition of 
trimethyltin hydride to norbornadiene the addition seems to 
occur faster than any isomerization, since the amount of 
nortricyclene adduct farmed is relatively minute.
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C. FREE RADICAL DISPLACEMENTS ON 
DEHYDRONORBORNYLTRIMETHYLTINS
I . BACKGROUND 
During the last 20 years free radical additions to 
norbornene have been widely investigated. Particular 
emphasis was placed on the stereochemistry and mechanism 
(classical vs. non-classical free radical) of these reactions.
Reusch^0 studied the photochemical reaction of acetone 





The photochemical reaction proceeded by a chain addition of 
acetonyl radicals to norbornene, a process analogous to the 
addition of cyclohexanone to 1-octene^ and to cyclohexene.^
Tobler^ reported trans addition of carbon tetrachloride 








The exclusive trans addition observed in the present investi­
gation can be explained by the large steric requirement for
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the CCl^ group. Models indicate that the approach of a mole­
cule of carbon tetrachloride or bromotrichloromethane to the 
intermediate radical is inhibited in the exo direction by 
steric interference from the large trichloromethyl group.
Thus the occurrence of chain transfer from the endo direction 
is favored.
E l a d ^  reported an exo product on photolytlc addition 
of formamide to norbornene.





The addition of the carbamoyl radical *C0NH2, to the double 
bond seems to take place from the less hindered (exo) side 
of the norbornene molecule, since the exo amide is formed 
exclusively.
K w a r t ^  investigated the free radical addition of 
deuterium bromide to norbornene. He obtained both endo and 










The endo attack is quite surprising, no such attack occurred 
in any other case except for the free radical addition of 
hydrogen bromide to 2-chloronorbornene, wherein endo attack
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was significant. The resident 2-chloro group could con­
ceivably be the exerting i n f l u e n c e ^  but such reasoning could 
not be used in the unsubstituted norbornene. No concrete 
explanation could be' given for the endo attack.
Poutsma^ found that at low concentrations (mole 
fraction<0.1) chlorination of norbornene is predominantly 
ionic. As the concentration is increased, radical reactions 
become significant but never exceed 2 even at the highest 











If the Intermediate leading to 20. and Zk is solely a nonclas* 
slcal species H ,  the product ratio should
21
be insensitive to the concentration of the chaln-transfer 
agent. It was not only difficult to attain a significant 
fraction of radical reaction but also difficult to control
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the chlorine concentration. However, t-butyl hypochlorite
h o
should produce the same intermediates as chlorine, ° Here 
the concentration can he controlled and it was found that the 
ratio of 2C) to 2k does increase with decreasing hypochlorite 
concentrations. This indicates that a non-classical radical 
such as 2ji could not he the only intermediate,
Tobler^ found that the reaction of t-butyl hypo­
chlorite with norbornene under a variety of conditions gives 
substitution products as well as addition products. Of the 
former, 3-nortricyclyl chloride, 26 and 2-exo-chlorobicyclo 
/2*2*Jl7 hept-5-ene, 2£ were found.
Cl L Cl
26 2Z
The adducts were subsequently identified as 2-exo- 
t-butoxy-3-endo-chloroblcyclo /2*2*17 heptane (20, in about 
50% yield) and its exo-cls isomer (.20, 10-15% yield) indi­
cating that the initial attack of the t-butoxy radical pro­
ceeded from the less hindered exo side of the double bond.
OEu-t
K  OBu-t Cl
, . „ 2£
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The formation of the substitution products 26 and 2£ 
can be satisfactorily explained in terms of a classical free 
radical intermediate stabilized by contributing resonance 
structures similar to those proposed for the reaction of nor­
bornene with N-bromosucclnimide.
The number of products throws doubt upon the validity
of postulating a bridged intermediate radical. One can elimi­
nate the possibility of a non-classical free radical 21» which 
would be equivalent to the non-classical carbonium ion.
Such an intermediate radical would give rise to some 7-sub- 
stltution (of R) due to chain transfer to C-4. The inter­
mediate radical structure which is more or less generally 
accepted is the classical (open) structure, and the stereo­
chemical results of addition reactions can be explained by 
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is controlled by steric factors. Thus the exclusive trans
accounted for by postulating that the approach of the sub­
strate molecule to the Intermediate radical is inhibited 
from the exo side by steric Interference of the large p- 
toluenesulfonyl group.
blocking of the ethano bridge is greater than that of the 
carboethoxy methyl function, with the result that both steps 
of the reaction occur from the less hindered or exo side of 
the molecule.
t-butoxy group should be more effective than the ethano 
bridge, but not quite as effective as the bulky p-toluene- 
sulfonyl group. The chain transfer step would therefore be 
expected to occur mainly, but not exclusively, from the endo 
side. The formation of trans and els adducts in the ratio 
of about ^:1 confirms these consideration.
17







In the case of ethyl bromoacetate,^9 the steric
In t-butyl hypochlorite, the steric blocking of a
Cristol^O added p-thiocresol to norbornene and found
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He also ran a competitive experiment between norbornene and 
cyclohexene with p-thiocresol and found that norbornene 
reacts ^5 times faster than cyclohexene. This enhancement 
may be due to stabilization in the transition state for 
norbornene because of contributions of the following re­
sonance structure 32.
However, the reason is believed to be the relative destabil­
ization owing to the strained norbornene molecule. It 
appears that the fact that norbornene reacts ^5 times as 
fast as cyclohexene does not prove anything" unless one 
knows that initial attack on the substrate is not reversible. 
Thiyl radical attack is reversible in some cases, at least.
SAr
reported






Berson^- added bromine to the exo adduct of cyclo-
pentadiene and malelc anhydride.
(59)
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He postulated exo attack first and then, due to steric reasons, 
a subsequent endo attack. The stereochemistry of the addi­
tion under these conditions may be in part controlled by the 
intervention of a "non-classical" bridged radical 22*
7
It should be kept in mind that radicals of this type need not 
determine the reaction course in all cases of radical addi­
tions to bicyclic systems.
The occurrence of a high proportion of cis bromination 
implies the operation of some powerful stereo-electronic 
demand. This may be attributable to the Intermediate for­








 > no rearranged products
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Cristol and Arganbright^ found complete exo-cls addi­







Berson1^ added p-thiocresol to a bicyclic anhydride 
and found only exo product was formed.
radical analogs of the Wagner-Meerwein type in bicyclic 
systems are uncommon and further establish the fact that,com­
pared with the barrier for chain propagation by H abstraction, 
the energy for rearrangement is prohibitively high. Indeed, 
apart from the case of di-t-butyl carbinyl radical, in which 
methyl migration has been reported , ^  there appears to be 
no recorded example of alkyl group or hydrogen migration in 
a free radical reaction.
exo exclusively
Results confirm previous conclusions that free
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1. Preparation of Exo-Norbornyltrlmethyltln
Trimethyltin hydride was found to produce only the 
exo isomer on photolytic addition to norbornene.
+ (CH3)3SnB — *  ( A f Sl(CH,)3 (62)
H
100$ exo
By means of co-injection of this saturated product with the 
saturated isomer mixture the identity of the exo isomer was 
inferred. As is expected the tin radical attacks from the 
less hindered side of the molecule, affording the exo product. 
The n.m.r. spectrum was virtually Identical to the n.m.r. 
spectrum obtained by Warner^ for the exo-norbornyltrimethyl- 
silane. The I.R.’s are nearly identical except for the dif­
ference that would be expected for the carbon-tln and carbon- 
silicon bonds.
2. Preparation of endo-Norbornyltrlmethyltln




By means of co-injection of this saturated product with the 
saturated isomer mixture the identity of the endo isomer was 
inferred. The n.m.r. spectrum was virtually identical to the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4 0
n.m.r, spectrum obtained by Warner-^ for the endo-norbornyl- 
trimethyl sllane. The I.R.'s are nearly Identical except for 
the differences that would be expected for the carbon-tin and 
carbon-sllicon bonds.
3. N.M.R. Spectral Data for Norbornyltrimethyltins
The n.m.r.'s of the saturated endo and exo analogs 
are for all practical purposes identical to those obtained by 




Chem. Shift Area Calcd.
p.p.m.a and actual) Multiplicity Assignment
EXO
2 , 1 6  2 broad multiplet a, e
1 .1 0-1 , 5 8 8 complex
0 , 5 2 1 unsym. triplet b
-0 , 0 2 9 singlet Sn(CH^)3
ENDO
2 , 2 7  2 broad singlet a, e
0 .7 3-1 .7 2 9 complex
0,01 9 singlet SnCH-j
a Probable errors are ± 0.05 p.p.m.
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II. RESULTS AND DISCUSSION 
Investigations were undertaken on free radical addi­
tions to the isomeric mixture. The results are summarized 
in Tables III, IV, V, VI and VII.
1. Rearrangement Catalyzed by Trlmethyl- and Trl-n-butyltln 
Hydrides
Experiment 1 in Table III afforded the same results 
as in experiments 5 and 6 in Table II. Whether one starts 
with the diene or the isomer mixture, using an excess of 
trimethyltin hydride produces only exo and nortrlcyclyl tin 
Isomers. These experiments show that a complete isomeriza­
tion of the endo Isomer to the nortrlcyclyl Isomer has 
occurred. The exo Isomer is unaffected by the reaction 
using a Pyrex reaction vessel. It is believed that the fol­
lowing reactions occur.
chain reaction
The endo isomer may react readily because it is con- 
figurationally situated to form a stable free radical 
resulting from overlap of the vacant d-orbltal of the tin 
atom and C-2 thus delocalizlng the unpaired electron.
Another reason might be that displacement with retention is 
the preferred stereochemical course of the reaction.


















Trimethyl and Tributyltin Hydride Additions®
Products formed; 
Extent of reaction; %, mmoles0____________ %, mmoles0
Ixp. ^ * ^ 7  r ^ > S n ( C E 3)3
# Molar Ratio Conditions® ^-^^SnCcH^) 3 (CHo)-aSnH




1 0 : 1
Pyrex, 55°, 
3 hr.
52.5 ± 0 . 2  
1 . 0 5








53 t  .3 
1 . 0 6
7 ± .5 
.14
38 i . 3 —  not isolated 
.72
3 (CH3)3SnH/ 





53 t . 2  
.53
0 47 t . 2 88 ± .5 







20 + . 3  
A o
0 80 ± .3 
1 . 6 0
a Ratio of isomers in original mixture (exo - 53%, endo- 36%, nortricyclyl-11#).
Duplicate runs on all experiments, liquid product yields by internal standard in g.l.p.c. 
Photolysis employing 100 watt lamp. 












Thiophenol Addition To Isomeric Mixture3-
Products formed;
Extent of reaction; %. mmolesc_____________ %. mmolesc_____
0 d
# Molar Ratio Conditions13 1 ^ 2  Sn ( C E j > ^ j ^ -Sn (CH3>3 (CE^ SnH
SnfcE3)3 0
5 0 SH Pyrex, 55° 52 ± .3 5 ± .5 H  ± .5 87 + . 5 92 ± .4
isomer 5 to* 1.04 .04 . 2 2 .54 .57
mixture
2:2
6 0 SH Quartz, 20° 38 t .4 0 11 ± .6 88 + .4 92 i .3
isomer 25 hr. . 7 6  .22 . 9 0 .94
mixture
2:2
a Ratio of isomers in original mixture (exo - 53$. endo - 36$, nortrlcyclyl - 11$).
Duplicate runs on all experiments, liquid product yields by internal standard in g.l.p.c, 
° Photolysis employing 100 watt lamp. 
c Upper figure is percent, lower figure is mmoles.













Diphenyl Disulfide Addition to Isomeric Mixture8,
Products formed}
Extent of reaction; %. mmoles0_____________ %, mmolesc_______
0 5
Exp. Jk Jk , _ . Hexamethyl
# Molar Ratio Conditions 1^ ^  ^ ^ y - S n { C i i 33 ditin
Sn (0113)3
02S2 Pyrex, 55° 53 ± .3 0 11 ± . 5  84 ± . 5






8 02S2 Quartz, 20° 40.5 ± .3 0 11 ± .5 86 ± .6 93 ± .3
I5555T 35 te- 1-72 -80 1-72
mixture
2:4
a Ratio of isomers in original mixture (exo - 53%, endo - 36%, nortrlcyclyl - 11^).
Duplicate runs on all experiments, liquid product yields "by internal standard in g.l.p.c. 
Photolysis employing 100 watt lamp, 
c Upper figure is percent, lower figure is mmoles.














Carbon Tetrachloride and Bromotrichloromethane Addition to Isomeric Mixture0-




# Molar Ratio Conditions0








31 ± A  
. 66
0 11 ± .6
.22
91 ± .3 
.51








29.5 ± .6 
.62
0 11 ± .5 
.22
91 + .5 
.53
87 ± .6 
.510
a Ratio of isomers in original mixture (exo - 53% t endo - 36%, nortrlcyclyl 11^).
Duplicate runs on all experiments, liquid product yields by Internal standard in g.l.p.c, 
0 Photolysis employing 100 watt lamp. 
c Upper figure is percent, lower figure is mmoles.













Trimethyltin Hydride Addition to Endo and Exo Dehydronorbornyl Phenyl Sulfidesa
Exp.
# Molar Ratio Conditions
11 (CHo)oSnH Pyrex, 55° 
 * r 15 hr.
Extent of reaction; %. mmoles0
SPh
20 + .5 
A
^  S n C H *
SPh






93 ± .3 
1.50
12 (CH3 )3SnH Quartz, 20° 10 ± .5
-----------   25 hr . 2
90 + .3 
1.7
85 ± .5 
1.6
a Ratio of isomers in original mixture (exo - 53%, endo - 36$, nortrlcyclyl 11/0.
Duplicate runs on all experiments, liquid product yields by Internal standard in g.l.p.c, 
13 Photolysis employing 100 watt lamp. 
c Upper figure is percent, lower figure is mmoles.
^ 3-Trichloromethyi nortricyclene characterized as 3-dichloromethylene nortricyclene. 
e Dehydronorbornylphenyl sulfides (80$ endo - 20$ exo).
O n
*J7
If the proposed mechanism for the isomerization of 
the endo isomer to the nortrlcyclyl derivative is correct 
then other free radicals should he capable of producing the 
same type of reaction, leading overall to a homoconjugative 
free radical displacement. Tributyltin hydride was used as 
a source of free radicals (entry 2 - Table III), The re­
sults show isomerization of the endo Isomer but the isomeri­
zation was slower and gave nortricyclyltrlmethyltin Instead 
of nortricyclyltributyltin. It appeared that some nortricyclyl- 
tributyltin was formed as evidenced by tailing on the g.l.p.c, 
column at high temperature. A schematic for this reaction 
would be as follows;
Bu3Sn. ^ ^ S” W 3 (65)





As the scheme shows, the reason for no appreciable amount of 
nortricyclyltributyltin is probably due to the tributyltin 
radical reacting considerably slower than the trimethyltin 
radical and thus, once the trimethyltin radical is formed, it 
competes favorably with tributyltin radical.
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2. Homoallyllc Free Radical Displacements
Other free radical sources were investigated! namely, 
thiophenol, diphenyl disulfide, carbon tetrachloride and 
bromotrichloromethane (entry 5* 7i 9 and 10 - Tables IV, V 
and VI). In the reactions of thiophenol and diphenyl disul­
fide with the isomer mixture in a Pyrex vessel only endo 
isomer reacted. The energetics of the reaction must be such 
that relatively low energy is required for the reaction of 
the endo isomer. As can be seen in Tables IV, V and VI 
(entry 6, 8, 9 and 10) the added energy made possible by the 
use of a quartz vessel did cause the exo isomer to react.
The reactions mentioned above went smoothly with 
minor experimental difficulties. In the case of thiophenol, 
the reaction product was nortrlcyclyl phenyl sulfide. Iso­
lation and characterization proved difficult. The product 
was characterized after oxidation to the corresponding 
sulfone. In the case of carbon tetrachloride and bromo­
trichloromethane, the product was 3-trichloromethyl nortri­
cyclene. Thus by dehydrohalogenating the mixture and also 
dehydrohalogenating the product of the reaction, identical 
compounds were obtained (I.R. and g.l.p.c,). This product 
was 3-dlchloromethylene nortricyclene.
In each case described above, a trimethyltin radical 
was displaced. The generality of the reaction was investi­
gated initially by allowing a different radical to be the 
leaving group. In particular endo and exo dehydronorbornyl 
phenyl sulfides were prepared. They were prepared by the
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Diels-Alder reaction between vinyl phenyl sulfide and cyclo- 
pentadiene. Quantitative separation of these isomers was 
not achieved by g.l.p.c. or thin layer chromotography. Since 
Diels Alder reactions generally give a greater proportion of 
endo product this was assumed to be the major product} 80$ 
vs. 20$. An n.m.r. spectrum of the vinyl region of the 
isomers confirmed this expectation. Using a Pyrex vessel 
for the addition of trimethyltin hydride to the mixture of 
sulfides, only the endo isomer was found to react giving 
nortricyclyltrimethyltin as the product (entry 11 - Table VII). 
When a quartz vessel was used both Isomers reacted (entry 
12 - Table VII).
It appears that the reaction may be fairly general.
The extent of generalization of this reaction will be the 
subject of future investigations in these laboratories. The 
overall reaction can thus be pictured as follows:
______ v L + XZ (66)
Y - Z
where X s-Sn (0113)3 where Y = -Sn(CH3 ) 3 ,-SPh,-CCI3
X = -SPh Y = -Sn(CH3 )3
The reaction may involve a discrete radical Intermediate fol­
lowed by a displacement at a carbon atom. Alternatively the 
reaction may be concerted. At this point the generality of 
this reaction has not been established. The question arises
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whether only leaving groups containing vacant d-orbitals, tin 
or sulfur, for example, are necessary to effect reaction by 
stabilization of the intermediate free radicals. Actually 
this is probably not a requirement since the exo isomers do 
react. The sulfur or tin atoms in these isomers cannot 
interact with the possible intermediate radical at C-2, since 
these atoms are unfavorably situated.
where Y = S or Sn
substituents
2k
Generally speaking the free radical reaction addition to 
5-substituted norbornenes is much slower than the isomeriza­
tion of the isomeric mixture.
The increased amount of energy supplied using a 
quartz vessel can also be shown in the reaction of trimethyl­
tin hydride and norbornadiene (entry *1— Table III). In this 
case no endo isomer is obtained, although it is certain that 
the endo isomer is formed, but is isomerized in the overall 
course of the reaction to the nortrlcyclyl tin isomer.
A competitive experiment (entry 3» Table III) between 
norbornene and the Isomer mixture for trimethyltin hydride 
was studied. In this particular case, the norbornene did not 
react. It is difficult to accurately Interpret this result 
because we do not know anything about the reversibility of
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initial trimethyltin radical attack on either norbornene or 
the organotin derivative.
The literature which was presented in the Introduc­
tion of this work has quite convincingly shown the absence 
of a non-classical free radical in dehydronorbornyl systems. 
Similar results seem to appear in our case. The product of 
the free radical attack on the isomeric mixtures can be ex­
plained as resulting from a classical free radical displace­
ment reaction at a saturated carbon.*
130*Applequist found that 9,10-dehydrodianthracene undergoes 
free radical chain addition of bromine to the interbridgehead 
single bond. Results indicated that radical displacements on 
carbon may occur with inversion of configuration. Pryor^l 
studied the attack by phenyl radicals on sulfur of aliphatic 
disulfides. He found a good correlation of data between 
radical displacement on sulfur vs. ionic S^2 displacement on 
either S or C. Results indicated that the radical reaction 
involved a three-atom-in a line, Walden inversion transition 
state.
S
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D. ELECTROPHILIC DISPLACEMENTS ON DEHYDRONORBORNYL 
AND NORTRICYCLYL TRIMETHYLTINS
I . BACKGROUND 
In 1939, Nevell, De Salas and Wilson55 published a 
paper concerning the rearrangement of camphene hydrochloride 
into isobornyl chloride. These workers state that although 
the intermediate is represented as having the camphene 
structure, it is possible that it is mesomeric between this 
and the corresponding isobornyl structure 25.* 0ne condition 
would seem to be that, whatever the structure of the ion, 
the stereochemical identity of the carbon atom marked with 
an asterisk must be preserved.
15
In 19^9 Winsteln and Trifan^^ reported stereochemical 
and kinetic evidence that the norbornyl cation possessed a 
similar delocalized structure and a plane of symmetry. From 
a generalized viewpoint many rearrangements involve partici­
pation of electrons associated with a neighboring -hydrogen, 
alkyl or aryl group in a unlmolecular type nucleophllic 
replacement process. Thus in the Wagner-Meerwen rearrangement, 
ionization produces directly, or in a later stage, a rearranged
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ion or an ion with a bridged structure. In the norbornyl 
system relative rates of acetolysis at ^5° of p-toluenesul- 
fonates or p-bromobenzenesulfonates are: exo norbornyl 





i 1 1 1
x
21







It appears that the explanation involves formulation 
of an intermediate ion from exo-norbornyl derivatives as 2 2  
above, which has a plane of symmetry through atoms 4, 5 and 
6 and is, therefore, internally compensated. Attack at C-2 
yields the original configuration, attack at C-l yields 
the enantlomorph, 38.
The bridged norbornyl cation postulated by Winstein 
and T r i f a n ^  requires that the radioactive label of Roberts
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and Lee^7 be distributed in the solvolysis product equally 




Roberts and Lee found that the required redistributions 
occur.
Winstein and Trifan^® examined the solvolysis of 
endo-norbornyl p-bromobenzenesulfonate and found that race- 
mization occurs. They postulate that C-6 migration in the 
cation 42 gives either the bridged intermediate 42. or tlle 
mirror image ion 41, the former being preferred.
41 42
A non-classical ion Intermediate is once again postulated.
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Carbonium ion-type reactions of exo and endo nor­
bornyl derivatives (44 and have been found to have unusual 
stereochemical and kinetic characteristics. Solvolyses of
7
K4 K





where X = C1,NH2
the chlorides, as well as the reaction of the amines59 with 
nitrous acid yield substitution products with the exo con­
figuration 44 exclusively, irrespective of the configuration 
of the starting material. The solvolysis rates of the endo 
compounds 4£ approximate those of the corresponding cyclo- 
hexane derivatives, while those of the exo compounds 44 are 
up to 350 times greater. These results are best explained 
by a non-classical carbonium ion intermediate 46.56,58
©
46
P. von R. Schleyer^l states that three properties 
have become associated with non-classical carbonium ions:
(1) enhanced rates of formation, provided the precursor 
geometry is suitable (high exo-endo rate ratios of epimeric
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precursors); (2) high stereospecificlty of kinetically con­
trolled product formation; and (3) heightened propensity 
toward rearrangement. Carbonium ions with one or more of 
these unusual properties have often been assigned bridged 
structures implying Increased stabilization by simultaneous 
and substantial charge delocalization over more than one 
carbon atom. Of the three properties associated with "non- 
classical" ions, only one, enhanced reaction rate, can serve 
to distinguish between these structural alternatives. Both 
bridged and rapidly equilibrating ions would rearrange 
readily and both might give products with high stereospeci- 
ficlty,^ Enhanced rates can be associated with simple 
carbonium ions only in two well-defined instances (1) if 
the carbonium ion precursor suffers from sterlc or conforma­
tional strains, and these strains are relieved on ionization 
or (2) if direct rearrangement to a more stable ion, e.g. 
from a potential primary to a tertiary ion, occurs during the 
ionization process. In the latter situation both the less 
stable simple ion and the bridged ion intermediates are by­
passed, and there is also no possibility of rapidly equili­
brating ions.
For a symmetrical nonclassical ion, in the absence 
of steric and conformational effects, enhanced rate of 
formation can also be associated with a bridged structure 
for the intermediate. The related and equivalent simple ibns 
and their transition states must be less stable than those 
of bridged structure, by definition.
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Acetolysls rates of a variety of secondary aliphatic 
tosylates can be calculated with unexpected accuracy by 
assessing bond angle, torsional and nonbonded strain contri­
butions; inductive terms are Included only for unsaturated 
compounds.^ 3 Tosylates such as endo-2-norborny1, endo-2- 
norbornenyl, and endo-2-benznorbornenyl are successfully 
t r e a t e d . I t  is believed that the same approach should be 
successful for the exo isomers. The calculated rates of 
reaction are generally less, and often greatly less than 
those actually observed. These differences encompass the 
anchimeric assistance involved.
Schleyer® believes this evidence is compelling for 
the existence of bridged carbonium ions. It appears that 
observations made by previous workers on non-classical 
carbonium ions in norbornyl systems should receive serious 
consideration in our system.
Electrophilic additions to norbornene have been 
widely investigated, Roberts^ studied the chlorination of 
norbornene.
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The chloronorbornyl cation k6 is presumed to be formed in the 
slow step of the reaction and Roberts assigned the chlorine 
to the exo configuration since Introduction of chlorine in 
this manner would facilitate the formation of the non-clas­
sical cation.
K w a r t ^  reported the hydroxylation of norbornene.










Walborsky^ investigated the oxidation of norbor­
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rearranged products which he postulates are formed in the 
foregoing manner.
VerNooy^? studied the addition of bromine to endo 
and exo-5-carboxy norbornenes. He found both rearranged and 
unrearranged products in the case of the exo isomer.
Br
Br2, , r V ^ - B r  A HO 1 - ^ 7
COOII *  ^ + Br---—L COOH (?2 )
0 CO R
In the case of the endo isomer the following reaction occurred.
COOH
These reactions indicate the electrophilic nature of bromine. 
The aforementioned reactions are only a few of the reactions 
mentioned in the literature. Other literature references will 
be cited under the appropriate electrophile in the next sec­
tion of this thesis.
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Thus one can summarize in schematic form the sol- 
volyses of norbornyl systems and electrophilic attacks on 
norbornene itself.
H © - H ©
+ H ©
or
The isomerization of norbornene to nortricyclene 
can be considered as an electrophilic attack by a proton on 
C-3 followed by electrophilic displacement of another proton 
on C-6 by C-2,
5 + H + + H © (75)
One method of effecting a reaction of the type above 
more readily, is possibly by supplying appropriate groups in 
the 6 position of the norbornene entity. It has been known 
for some time, as mentioned in the Introduction, that carbon
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metal bonds in unsaturated systems are quite susceptible to 
electrophilic attack. If this be the case, then metal sub­
stituents In the 6 position should facilitate electrophilic 
cleavage in a manner analogous to the one depicted above.
In 196^ Matteson^ reported an electrophilic displace­
ment in a norbornenyl boronic acid system. He used HgCl2 in 







The exo isomer, in which the carbon atom from which the 
boron is displaced undergoes inversion of configuration, 
reacts four hundred times faster than the endo isomer, in 
which the configuration is retained. These reactions involve 
transannular electrophilic displacement at saturated carbon. 
Matteson assumes a7"Tcomplex formation between the double
bond and a mercury (II) species (ClHg+ ), The rate deter-
<»
mining step is apparently a transannular electrophilic attack
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by the olefin-mercury (II) complex on the carbon bearing the 
boron, which is displaced as boric acid.
similar reaction did not seem to occur.
In this type of system one has a structure capable 
of transannular interactions and possessing extreme rigidity. 
This system is given the more common name 1'homoallyllc,,,
In view of the unexciting results obtained with the silyl 
analog it was decided to examine those bearing the trimethyl­
tin group which is a better leaving group in electrophilic 
displacements.
In Matteson’s boronic acid cleavage two interesting 
observations were made. Only one compound was obtained upon 
cleavage of the boronic acids with mercuric chloride in 
acetone and a much greater reactivity of the exo isomer over 
the endo isomer was observed.
In the system investigated in this laboratory, the 




Investigations have been made recently by Kuivila 
and Warner^ on analogous norbornenyl silyl derivatives but
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to as the isomer mixture throughout the remaining thesis, 
our attention was centered upon the possibility of three 
reaction sites as shown below.
An electrophile can, in principle, attack this system in one 
or more of the manners shown above. Thus the reasons why 
the system shown above was chosen was to determine whether 
the reaction involved addition to the double bond, carbon- 
tin cleavage, or transannular interaction with or without 
rearrangement.
Experiments carried out on the isomer mixture led 
to some interesting results. It was found that a number of 
electrophiles could be employed successfully with essen­
tially quantitative results. An equal number of unsuccessful 
cleavages were attempted. This thesis is a survey of the 
reaction course with a number of reagents which could act as 
electrophiles, eg. halogens, acids and metal halides. Some 
reagents might not involve electrophilic attack, eg. copper
(II) chloride and gold chloride.
Thus, the results obtained on the isomer mixture 
are in a way similar to Matteson's boronlc acid cleavages 
but are sufficiently different to afford interesting chemistry 
at present and in future work on this problem.
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II. RESULTS AND DISCUSSION
1. Lack of Cleavage of Saturated Tin Analogs
The mixture of saturated tin analogs prepared as men­
tioned previously were subjected to possible electrophilic 
cleavage reactions using a variety of electrophiles. The 
electrophiles varied from halogens to metal halides to acids 
and in each case no carbon-tin bond breaking was observed 
even after one day. This confirms the necessity of the homo- 
allyllc double bond to facilitate cleavage of the carbon- 
metal bond as described below.
2. Electrophilic Cleavages of Isomeric Organotlns
The impossibility of quantitative separation of the 
isomer mixture by g.l.p.c. led to the attempt of selectively 
removing one isomer from the other by means of an appropriate 
electrophile. As will be seen throughout the remainder of 
this thesis, this was not accomplished.
a. Procedure for Following Rate of Reaction of Isomers.
Varying ratios of electrophile and isomer mixture were 
varied from experiment to experiment. By means of g.l.p.c., 
using the Internal standard method,?0 the amount of reacted 
and unreacted tin isomers was accurately determined. Two 
g.l.p.c. columns were used, one for the determination of the 
reacted isomer tins (l,2,3-tris-2-cyanoethoxy propane) and a 
second to characterize and determine the products formed.
The latter column varied depending upon the products formed.
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In most of the successful cleavages which will be presented 
in this thesis, carefully selected ratios of reactants were 
used.
The tables which follow list results of two inde­
pendent runs using each ratio of reactants. Thus the per­
cent deviation will be found in the table. The amounts and 
percentages given represent reacted starting material and 
product formed in all cases,
b. Trlfluoroaoetlc acid in pentane.
The results shown in Table VII show a constant 
ratio of products obtained at varying degrees of reaction 
of the isomer mixture. It should be noted that the 
saturated nortricyclyl isomer reacted only when 1:1 molar 
ratio of reactants was used and only after approximately 
12 hours,had elapsed.

















%, mmoles13 Extent of reaction; %, mmoles*3
Sn (053)3
1 : .25 72 ± 0 . 8 28 ± 0 . 6 4.5 ± 0.5 43 + 0 . 8
.167 .065 unreacted .0 1 5 8 .219
I*.5 68 ± 0 . 5 32 ± 0 . 6 20 ± 0 . 5 8k ± 0 . 7
.332 .156 unreacted .07 .428
I*.75 73 ± 0.7 27 ± 0 . 8 64 ± 0 . 6 100 ± 0 . 8
.533 .197 unreacted .224 .51
1 : 1 94 ± 0 . 9  
.937
6 ± 0 . 8  
.057 all reacted all reacted all reacted
a In pentane at ambient temperature, reaction time 2 hours, 




o. Perchloric acid In methanol.
Perchloric acid in methanol did not result in any 
serious side reactions. Since the trifluoroacetic acid- 
pentane system is a rarity, the perchloric acid was used in 
a more conventional solvent, methanol; see Table IX.
The results are similar to those obtained for tri­
fluoroacetic acid, at least Insofar as the product ratio is 
constant when varying amounts of acid are used. This 
supports a common Intermediate, which might rearrange to 
give the nortricyclene product or undergo a 1 ,2 -hydride shift 
to give the norbornene product, (see eq. 9^)
Tauber?-*- has found that perchloric acid reacts with 
olefins, e.g. cis and trans-2-butene producing a bright 
yellow color. Spectral studies indicate the probable forma­
tion of a charge transfer complex. Since nortricyclene and 
norbornene are the products formed in the cleavage reaction 
it appears certain that addition of the perchloric acid 
across the double bond of the isomer mixture is ruled out as 
a possible mode of attack. Alternatively, an electrophilic 
attack of a hydrogen ion on the double bond is postulated in 
the case of trifluoroacetic acid. Once again the nortricyclyl 
tin Isomer (saturated) reacts only when a lsl molar ratio of 
reactants are used and is cleaved only after 1 0 -1 2 hours,of 
time elapsed.
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89 ± 0.8 
.206
91 ± 0.6 
.446
92 ± 0.5
. 6 7 1
80 ± 0.6 
.79
11 ± 0.7 
.02 6
9 ± 0.8 
.044
8 ± 0.7 
.0 57
20 ± 0.7 
.19
Extent of reaction; %, mmoles*3
Sn (CH 3 ) 3
Sn (CH3)3
Sn(C53)?
36 + 0.6 
.185
70 1 0.7 
.35





all reacted all reacted all reacted
14 ± 0.5 
.05
40 + 0.4 
.145
66 t  0 . 5  
.23
a In methanol at ambient temperature, reaction time 2 hours. 




d. Perchloric acid. In acetic acid.
When one uses acetic acid as a solvent a reaction of 
the following type also occurs, forming norbornyl acetate In 
25% yield, based on reacted nortricyclene.
HC10S  r \  7 (78)
HOAC V
These results Indicate that nortricyclene reacts faster with 
perchloric acid in acetic acid to give the acetate than does 
norbornene. In choosing solvents (polar) for these cleavage 
reactions with acid electrophiles, the possibility of solvent 
participation in a subsequent side reaction need be con­
sidered,
TABLE X
Cleavage of Isomer Mixture 
with Perchloric Acid in Acetic Aclda
Molar Ratio 
isomer mixture 
HClOij, d b ah
1:. 25 95% 5%
1 *.5 6%% 32%
I*.75 63% 37%
1 : 1 50% 50%
a In acetic acid at ambient temperature, 
reaction time 2 hours,
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e. Trifluoroacetic acid In acetic acid.
Results similar to those of perchloric acid in acetic 
acid were obtained when trifluoroacetic acid was used in 
acetic acid solvent,
f. Hydrochloric acid in methanol.
occurred to a very small extent even after several days at 
reflux temperature.
g. Bromine.
with norbornadiene and postulated the following mechanisms
This system proved highly inadequate since cleavage
Bromine has been shown to possess electrophilic 
properties. Winstein^ reacted bromine in carbon tetrachloride
+ [ k f
r
0 (79)
S c h m e r l l n g 1^  added bromine to norbornene.
(80)
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Cleavage studies on organotln compounds with halogen have 
shown that ease of displacement of organic groups from tin Is 
phenyl > vinyl > methyl > butyl.
RgR'SnBr + R'Br 
R2R2'Sn + Br2 (81)
RR2 ’SnBr + RBr
In view of the reactions of this type, electrophilic attack 
by bromine on the isomer mixture was investigated.
These results show that bromine is not very selective 
in its reactivity since it appears that the exo isomer reacts 
only a little faster than does the endo (rel, rates 1.3).
The isomer mixture gives the same product mixture of bromides. 
An experiment was devised to determine what product forms 
from the cleavage of the nortricyclyltin isomer. This experi­
ment involved a Is,86 molar ratio of tin mixture to bromine. 
This ratio was chosen since the endo and exo tin mixture com­
prise 86% of the entire mixture, the remaining being the 
nortricyclyltin isomer. By observing the product ratio dif­
ference between the Is.86 molar ratio experiment and the 1:1 
molar ratio experiment cited, it appears that the nortri- 
cyclyl tin isomer gives predominantly exo-dehydronorbornyl 
bromide upon cleavage with bromine. As in previous cleavages, 
the nortricyclyltin isomer reacts many times slower than the 
unsaturated isomers. The cleavage reaction appears to be 
ionic in nature and is believed to go through a common 
intermediate since the ratio of products are nearly identical

















Cleavage of Isomer Mixture with Bromine3,
 Products formedt %, mmoles^3____________ Extent of Reaction; %. mmoles^3
Molar Ratio
a S p  £hzBr C ^ r BT hn&to
1 : . 2 5 45 + 0.7 
.104
46 + 0.6 
.106
9 ± 0.9 
.021







li.5 49 t  0.6 
.237
42 ± 0.7 
.204
9 t  0.9 
.044
unreacted 53 ± 0.7 
.186
59 ± 0.6 
.301
1* .75 52 t  0.6
.384
38 ± 0.6 
.281
10 t  0.8
.074 •
unreacted 81 ± 0.6 
.283
90 ± 0.4 
.459
1: ,86 52 + 0 . 5  
.439
37 t  0.7 
.312
11 i 0.8 
.09
unreacted all reacted all reacted




9 ± 0.9 
.087
all reacted all reacted all reacted
a In methanol at ambient temperature, reaction time 3 hours. 
^ Upper figure is percent, lower figure is mmoles.
-or-o
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In each case. Products were characterized by means of g.l.p.c. 
and the presence of trimethyltin bromide was ascertained by 
comparison with an authentic sample. There does not seem to 
be any logical reason why the bromine cleavage gives three 
products while other halogens, chlorine and iodine, give 
only one product. One reason may be that the unsaturated 
isomers are formed in the chlorine and iodine cleavage but 
are isomerized under the reaction conditions.
h. Iodine
Although many reactions involving iodine have been 
attempted, results have proved far from satisfactory due bo 
the Instability of the iodo products. Iodine should possess 
properties similar to those of bromine and should act as an 
electrophile. Cautious interpretation of results is neces­
sary in this case, since although only nortricyclyl iodide 
was obtained, dehydronorbornyl iodide may have been intially 
produced and subsequently isomerized to nortricyclyl iodide. 
Care was taken so that a light initiated free radical reac­
tion did not occur. The entire reaction vessel was wrapped 
in aluminum foil in order to avoid a light catalyzed free 
radical reaction.
The reaction occurred smoothly with loss of iodine 
color as an indication of completion, G.l.p.c, showed two 
peaks. One was trimethyltin iodide as shown by comparison 
with an authentic sample. The other peak, upon Isolation and 
elemental analysis, was found to be nortricyclyl iodide
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which showed characteristic nortricyclyl peaks in the I.R. 
(3070cm"^, SOOcnT-1-). No evidence of the unsaturated 
dehydronorbornyl isomer could be detected in the infra red 
spectrum. As in the case of other electrophiles a common 
intermediate might play a predominant part in the overall 
cleavage reaction, although isomerization of dehydronorbornyl 
iodide to the nortricyclyl iodide cannot be ruled out. It 
appears that dehydronorbornyl iodide should be prepared and 
checked for isomerization to nortricyclyl iodide. However, 
compounds of this type are highly unstable and isomerize or 
decompose with extreme ease.
TABLE XII
Cleavage of Isomer Mixture with Iodine0,
Molar Product formed; Extent of reaction?
Ratio ________%. mmoles^ %. mmoles*3________
£ ^ Sn<CH3b
12 S n ^ H ^
Is.25 96 ± 0.8 
.2 40
unreacted 4 + 0.9 
. 0 1 5
45 ± 0.6 
.24
Is.50 96 ± .5 
.48
unreacted 14 + 0.8 
.05
82 + 0.4 
.435
Is.75 98 + .3 
.73
unreacted 61 t 0.6 
.22
98.5 t  0.3 
.52
Isl 95 t  .2
.95
all reacted all reacted all reacted
& In ether at ambient temperature, reaction time 3 hours. 
0 Upper figure is percent, lower figure is mmoles.
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1. Chlorine.
Chlorine undoubtedly possesses electrophilic charac­
ter, as do the other halogens. Specific literature references 
were mentioned in the case of the other halogens earlier in 
this thesis. Cleavage of tin compounds by halogens has been 
studied by Seyferth.^
R^SnCH = CH2 + X 2 --- ► R 3SnX + CH2 = CHX
where X = Cl, Br, I
The order of group cleavage in the tin series was CgH^>
CH2 * CH2 > CH3 > C2H5 > nC3H7 > C4H9 .
In view of these findings, chlorine was used as an 
electrophile with the isomer mixture. The only product ob­
tained was nortricyclyl chloride which was identified by 
comparison with an authentic sample,2^’^  Trimethyltin chloride 
was isolated and compared by I.R, and melting point with an 
authentic sample. The results of this cleavage reaction are 
found in Table XIII,
These results indicate a common Intermediate might 
play a role in the reaction, however, the unsaturated 
chlorides may have been formed (not determined) which might 
have isomerized to the nortricyclene product in the course 
of the reaction (see eg, (9^))«








Cleavage of Isomer Mixture with Chlorine®
Product





1 1 .2 5 94 + 0 . 6  
.235
34 ± 0.7 
.18
17 t  0.9 
. 0 6
unreacted
It . 50 96 + 0.4 
.48
69 t  0.7 
.36
37 t  0.8
.13
unreacted
l j #75 98 + 0.3 
#737
92 + 0.4 
.49
70 + 0.7 
.25
unreacted
1»1 95 ± 0.6 
.95
all reacted all reacted all reacted
a In methanol at ambient temperature, reaction time 5 hours. 
1:5 Upper figure is percent, lower figure is mmoles.
.1. 2.4-Dlnltrobenzene sulfenyl chloride.
Sulfenyl halides have been found to add across 
double bonds In a variety of olefinic substrates. Kwart?^ 











Use of a more polar solvent such as acetic acid produces a 
large increase of 48 over 4£. Ewart’'7? also added
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2 ,4-dinitrobenzenesulfenyl halides to substituted norbornenes 
and found that the reaction involved predominant addition 
across the unsaturated linkage. Both of these reactions are 
postulated to be electrophilic reactions wherein the elec­
trophile ArS+ attacks the double bond with further attack by 
X @  on the incipient carbonium ion. This results in overall 
addition to the double bond of the norbornene entity.
In view of the facts cited above, 2, 4-dinitrobenzene- 
sulfenyl chloride was employed as a possible electrophile 
with the Isomer mixture. The results are shown in Table XIV,
TABLE XIV
Cleavage of Isomer Mixture 
with 2, 4-Dinitrobenzenesulfenyl Chloridea
Molar Product formed;
Ratio  %, mmoles13________Extent of reaction; %, mmolesb
1 * .2 5 92 t 0.7 
.23
unreacted 7 t 0.9 
.0245
40 + 0.5 
.204
Is.5 98 ± 0.8 
.49
unreacted 33 ± 0.7 
.1165
74 t 0.4 
.377
is.75 97 ± 0.5 
.73
unreacted 65 ± 0.5 
.2275
100 t 0.2 
.51
1*1 97 t 0.7 
.97
all reacted all reacted all reacted
?■ In methanol at reflux temperature, reaction time 8 hours. 
“ Upper figure is percent, lower figure is mmoles.
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The only product that was obtained from this cleavage 
reaction is the nortricyclyl derivative, a bright yellow 
solid, which had a very sharp melting point at 143-144° (lit. 
m,p. 143-144),^ The product had the characteristic bands 
of a nortricyclene derivative in the I.R. (3070cm*"1 , 800cm”1 ).
No evidence of the unsaturated isomer was found in the I.R. 
in the 1570cm” 1 region. Trimethyltin chloride was a side 
^ product and was verified by comparison with an authentic 
sample.
The results indicate, as in previous cases, a common 
intermediate might be present since the isomers lead to the 
same product. It has not been determined conclusively whether 
the nortricyclyl derivative is actually the sole product.
The dehydronorbornyl Isomers may have been formed which then 
readily isomerlze to the nortricyclyl derivative. No attempt 
was made to determine this possibility by means of appro­
priate experiments.
Mention should be made that earlier workers have 
found that sulfenyl halides react with alcohols. K h a r a s c h 7 8  
and co-workers have found that 2 , 4-dinitrobenzenesulfenyl 
halides react with alcohols in the following manner.
N02
CH3OH + 02N ^ - a c i  reflux^ ArS0CH3 (84)
This reaction does not seem to cause any difficulty in the 
electrophilic cleavage reaction due to the fact that the isomer
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mixture reacts a good deal faster with 2, Jf-dinitrobenzene- 
sulfenyl chloride than does methanol with the sulfenyl 
chloride,
k. Mercuric chloride.
Mercury (II) salts are known to add across double 
bonds In norbornene and other unsaturated hydrocarbons, 
Winstein?9 has found that oxymercuratlon is trans with typical 
olefins and els in the case of norbornene. In the case of 
norbornadiene oxymercuratlon leads to a nortricyclenic oxy- 
mercurial in methanol and in ethanol,
,rb? id tr 0Aa I & Hsr i>0A0 «5>l i ^ < l  acid h6x several L^ — ^
. days
\ Isomerization occurs 
readily with small 
amount of HgCl2
Mercuric halides are known to effect electrophilic 
cleavage reactions with organometalllc compounds. Matteson^ 
has found that endo and exo dehydronorbornyl boronic acids 
undergo cleavage with mercuric chloride. Kessler has found 
that the addition of mercuric bromide or chloride to a solu­
tion of tin tetraiodide in benzene or nitrobenzene leads to 
immediate precipitation of mercuric iodide. It has been sug­
gested that double decomposition is non-ionic in both solvents 
and is represented by eq. 86.
SnlZ), + EgX-2 s> SnX2l2 + Hgl2 (86)
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Mercuric chloride was employed as an electrophilic 
agent with the isomer mixture. The results are in Table XV.
TABLE XV
Cleavage of Isomer Mixture with 
Mercuric Chloridea
Molar Products formed; T
Ratio %. mmoles^3_______Extent of reaction} %. mmoles*3
S U  c b H8C1 / t h s n c H *
S X2 Sn(CHqh
1: .25 94 ± 0.9 
.'235
unreacted 8 t 0.9 
.03
kO ± 0.7 
.21
1: .5 99 ± 0.7 
.495
unreacted 19 t  0.9 
.07
85 ± Q.k  
,kk
Is .75 98 + 0.7 
.73




1: 1 97 ± 0.6 
.87
unreacted all reacted all reacted
a In acetone at ambient temperature, reaction time 5 hours.
"b Upper figure is percent, lower figure is mmoles.
Upon addition of mercuric chloride dissolved in 
acetone to the mixture of isomers, the solution turned cloudy. 
The reaction occurred smoothly and when the reaction was 
complete (15 minutes), the solution turned clear again. As 
in previous cases only one product was formed (m,p. 1*14-
145°, I.R. 3070cm"1 , 800cm"1  lit m.p. 144-146°).68 No
unsaturation was apparent from the infrared spectrum, A 
common intermediate is postulated since only one product is
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obtained from the isomer mixture. Once again this might not 
be the only process involved, since some of the unsaturated 
Isomers might have been formed and isomerized during the 
course of the reaction. Trimethyltin chloride was obtained 
and characterized as the other reaction product. Mercuric 
chloride is not strong enough an electrophile to break the 
carbon-tin bond in the nortricyclyl tin isomer even after 
extended periods of time.
1. Copper (II) chloride.
Reaction of organometalllc compounds with cupric 
chloride have been investigated in a number of cases.
Fedotov®-*- and co-workers have studied the cleavages of 
dlphenylmercury and dibenzylmercury with cupric chloride.
Ph2Hg + CuCl2 pyridine ^  C u C ^ I  + PhHgCl + PhCl (87)
(PhCH2 )2Hg + CuCl2 dioxane ^  PhCH2Cl + Cu2Cl2 + HgCl2 (88)
In the case of dlphenylmercury, the reaction is explained 
by the formation of a phenyl radical which reacts with the 
solvent. Reaction of dlbenzyl mercury possesses quasi ionic 
character.
Results of the cupric chloride cleavage of the 
isomer mixture are shown in Table XVI. Products were char­
acterized by comparison (I.R. and g.l.p.c.) with authentic 
samples. Cleavage resulted in only one product, nortricyclyl 
chloride. However, due to a number of past investigations
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showing the free radical character of the cupric chloride 
this type mechanism cannot be ruled out. The reaction seemed 
to have a definite induction period, during which time the 
reaction medium went from a clear to cloudy solution after 
about ten minutes. Alternatively, the reaction might be 
ionic producing both nortricyclyl and dehydronorbornyl deriv­
atives, the latter isomerizing during the course of the 
reaction.
TABLE XVI
Cleavage of Isomer Mixture 
with Copper (II) Chloridea
Molar Products formed?
Ratio %. mmoles^3________Extent of reaction? %, mmoles*3








CO unreacted 19 ± 0.9 
.07
30 ± 0.7 
. 1 6
1 : 1 t 0 . 8
.^8
unreacted 39 ± 0.8 
.1^0
66 ± 0 . 5  
.3^7
1:1.5 ^8.5 ± 0.5 
.7 2 8
unreacted 56 ± 0 . 6  
. 2 0
100 ± 0 . 1  
.53
1:2 ^8 . 5  ± 0 .2  
. 8 6 5
unreacted all reacted all reacted
a In methanol at ambient temperature, reaction time 5 hours. 
10 Upper figure is percent, lower figure is mmoles.
m. Nltrosyl chloride.
Nitrosyl chloride is known to undergo electrophilic 
reactions with unsaturated olefins. Meinwald®2 and co-workers
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have postulated attack of a nitrosonium ion on the double 
bond of alkenes. The product Is a monomer in equilibrium 
with its dimer.
The stereochemistry of this reaction has not been determined.
with norbornene and norbornadiene and obtained an«<-halo- 
ketone on levulinic acid hydrolysis.
It seems reasonable to assume an exo configuration for the 
nitroso group in these adducts, since mechanisms involving 
N0+ , NO* or NOX molecules would all be expected to deliver 
the nitroso group from the less hindered side of the olefin. 
Lack of structural rearrangement and apparent els addition 
as well as a lack of Incorporation of nucleophllic solvent 
(ethanol or acetic acid) into the products, all speak 
against the ionic addition mechanism. A free radical mecha­
nism Initiated by NO* addition is unlikely since NO is
\ /  I 1 1
C = C + N0C1 — > ON - C - C -Cl ^ ( O N  - C - C - Cl)2 (8 9 )
/ \
These workers postulate the following mechanisms
0
II
N + /\ t . .c - c (90)








Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
unreactive toward norbornadiene. This suggests a if center 
mechanism with little carbonlum ion character developed in 
the transition state. In the case of norbornadiene, the 
transition state may be pictured as in if9.
Nltrosyl chloride has definite electrophilic prop­
erties and thus was used as an electrophilic cleavage reagent 
with the isomer mixture.
TABLE XVII
Cleavage of Isomer Mixture with Nitrosyl Chloride0,
Product
Molar Ratio formed; Extent of reaction; %, mmoles*3
%\ mmole s^ 3
£ l | j p  product® £ h z sllt;H *
______________________________ Sn(CH^3______________________________
lx . 2 2 5 91 t  0.9 
.21
35 t  0.7 
.125
20 ± 0.9 
.10
unreacted
lt.^35 96 i 0.8 
.ifl5
55 ± 0.8 
.20
ifl ± 0.9 
.22
unreacted
1 *.795 97 t 0.8 
.77
95 ± 0.7 
.3^5
82 t  0.8 
.ifif
unreacted
lsexcess 96 ± 0.9 
.8 55
all reacted all reacted unreacted
® In chloroform at ambient temperature, reaction time 3 hours. 
0 Upper figure is percent, lower figure is mmoles.
Product was nortricyclanone in this case. The oxime 
hydrolyzed in the course of work-up.
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The attacking agent may be nitrosonium ion which then 
might rearrange to a common intermediate with subsequent loss 
of the trialkyl tin entity. However, the possibility that 
some of the nortricyclyl isomer results from isomerization 
of the unsaturated isomer to the nortricyclyl isomer cannot 
be ruled out. The product of the reaction is nortricycla- 
none oxime, which was isolated under carefully controlled 
conditions. A free radical mechanism is eliminated as a pos­
sibility after consideration of Meinwald's work which was 
reviewed above.
n. Gold chloride
Past investigations involving gold chloride have 
produced evidence of cleavage of organometalllc compounds 
such as tetraalkyllead in methanol. RiccobonlOH- and co­
workers have made a quantitative study of the reaction between 
gold chloride and tetraalkyl lead compounds in methanol, as 
a function of the reactant ratio A, defined as (PbRA).)/(AuCl3 ). 
When A^1.5, the reaction followed the scheme 1.5 PbRlf +
AUCI3 — » 1,5 R2PbCl2 + Au + When A was 1.5-3, the
organometalllc compound was halogenated as follows: 3PbRij. + 
AUCI3 — -» 3R 3PbCl + Au + 3R*» For A equal to 1.7-3, methane 
and ethane were formed exclusively. The third methyl radical 
formed glycol quantitatively as follows: 2CH3 * + 2CH3OH —
2 C %  + (CH2OH)2 .
Cleavage reactions of organometalllc compounds with 
gold chloride are mentioned in the literature. In the case












Cleavage of Isomer Mixture with Gold Chloridea
Molar Batio  Products formedt %. mmoles*3 Extent of reaction; %, mmoles*3
S f  ckrcl h  h ,  h  h Sn^  h rsnt^
Cl S n ^ H ^
is.145 50 t 0.8 
.115
20 i  0 . 9
.04-6
30 ± 0.9 
.069
10 + 0.9 
.036
36 ± 0.7 
.189
unreacted
Is.35 49 t  0.5 
.234
23 + 0.8 
.11
28 ± 0.9 
.1134
39 ± 0.7 
.14-0
65 t  0.4- 
.342
unreacted
Is. 50 52 i  0 . 5
.374
21 + 0.8 
.151
27 ± 0.8 
.195
54 t  0.7 
.195
100 ± 0.2 
.53
unreacted
Is. 60 51 t  0 . 3  
.44
20 i 0 . 7  
.174
29 ± 0.8 
.25
all reacted all reacted all reacted
a In ether at ambient temperature, reaction time 3 hours. 




of lead compounds as mentioned above a free radical reaction 
occurs. However, gold chloride may possess electrophilic 
character dissociating into Cl+ and AUCI2 . The results of 
the cleavage of the mixture of isomers is given in Table 
XVIII.
The cleavage reaction resulted in three chlorides.
Each isomer gave the same mixture of products which suggests 
a common intermediate. The products are identified by
2.6 73
g.l.p.c, and independent synthesis of authentic samples. ’
As in the case of mercuric chloride, gold chloride does not 
cleave the carbon-tin bond of the nortricyclyltin isomer even 
after one day. Past evidence leads to the definite possi­
bility of a free radical reaction in the case of gold chloride. 
It can be said that the overall reaction is an oxidation- 
reduction since metallic gold is deposited on the walls of the 
reaction flask. Our evidence does not rule out a free 
radical possibility as a mechanistic pathway,
o. Silver nitrate.
Silver nitrate has been used in cleavages of various 
organometalllc compounds, in particular, tetraalkyl tin 
compounds, G i l m a n ® 5 and co-workers have found that silver 
nitrate cleaves tetraalkyl tins. However, the reaction pro­
ceeds at a faster rate when one of the alkyl groups is 
different.
02SnC2H^ + AgNO-} — ?■ (0Ag)2 * AgNO^ (91)
0i4_Pb + AgNO'j — * 0^PbNO^ + 0 - 0  (92)
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All indications are that AgNC>3 could react by either 
a free radical or ionic pathway. When silver nitrate is used 
to cleave the isomer mixture an oxidation-reductlon reaction 
seems to occur as evidenced by the deposit of a silver mirror 
on the sides of the reaction flask.
TABLE XIX
Cleavage of Isomer Mixture with Silver Nitratea 
Molar Products formed;
Ratio %. mmoles°________Extent of reaction; %. mmoles^3
3 ^  tffcr0 /tbsnCH£  zzfc/
 ^______________________________________ SnfcH^_______________
1 :. 25 92 t 0.7 
.23
52 ± 0.7 
. 2 1 5
6 ± 1 . 0  
.02
unreacted
1 s. 50 95 ± 0 . 7  
.475
68 + 0 .8  
.35
38.5 ± 0.9 
.135
unreacted
1:.75 97 i 0.4 
.727
100 + 0 . 2  
.51
63 ± 0.7 
.22
unreacted
1 :1 93 t  0.7
.93
all reacted all reacted unreacted
a In methanol at ambient temperature, reaction time 3 hours. 
° Upper figure is percent, lower figure is mmoles.
The reaction produces a silver mirror and a yellow- 
orange gas. Collection of this gas and an I.R. spectrum 
indicated the presence of nitrogen dioxide (1735* 1 2 5 5* 7^5
_ O £
and 440 cm”1). An I.R. of the liquid product showed the 
presence of a double bond (3010cm"1 and 1540cm"1 ) and 
carbonyl function (1740cm"1 ; strained ketone).
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It was believed that trlmethyltin methoxide would be 
the third product from the cleavage reaction. This compound 
has not been reported anywhere in the literature. Evidently 
it is quite unstable and is easily hydrolyzed to the 
hydroxide. The by-product isolated from this reaction there­
fore was trimethyltin hydroxide.
Since Ag+ is known to complex with double bonds, and 
therefore possess electrophilic properties®? it is believed 
that this is the initial mode of attack. The silver inter­
mediate formed upon loss of trialkyl tin then is oxidized 
to the ketone. A free radical mechanism is not ruled out 
although the presence of dehydronorbornyl or nortricyclyl 
dimer would be an expected coupling product. No such product 
was found. Alternatively the reaction may involve classical 
or non-classical carbonlum ions in a concerted or stepwise 
process.
p. Chromic oxide.
Chromic oxide has been used to oxidize olefins to
ketones. This reaction may Involve an electrophilic attack 
RR
of Chromium VI at a double bond in a fashion similar to 
the addition of bromine to an alkene in a polar medium.®9 
This oxidation does lead to an epoxide. It may Involve 
simultaneous addition to both sides of the double bond.90 in 
either case an epoxide is formed and this necessitates an 
attack of an electrophilic moiety. Gielen and N a s i e l s k i 9 ^
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Investigated the oxidation of tetraalkyltln with chromic 
oxide in acetic acid with respect to the effect of concen­
tration and the presence of Cr(III). The formation of
inactive Cr IV was assumed. The reactivity of tetralkyltin 
vs, chromic oxide was given (R and k2l*/mole sec. at 20°)$
Me, 0 .Obf Et, 5 A t  Pr,  3 . 6 ; Bu, 2.8? iso-Pr, 8.1. The 
formation of a 5 membered transition state $0. in the elec­
trophilic substitution was assumed.
*3
\  - " S n — . . . .
—  C "  ""CT
"\ /
0 _______________  Cr= o
50
Since chromic oxide in acetic acid possesses electrophilic 
characteristics, it is used as an electrophilic cleavage 
reagent on the isomeric mixture. The reaction produced the 
results in Table XX,
The solution is yellow orange upon addition of 
chromium trioxidej after stirring several hours the solu­
tion turns green. It was not possible to extract the 
solution with ether directly since it is difficult to pre­
vent acetic acid from entering the ether phase. It was 
necessary to first neutralize the acetic acid with dilute 
base. Upon neutralization extraction with ether became an 
easier process. An authentic sample of nortricyclanone was 
prepared by the method of M e l n w a l d . 9 ^  The unsaturated ketone
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
91
(norbornene^10$) was present and removed by addition of 
nitrosyl chloride and the sample obtained was suitable for 
use for comparison with the product obtained using chromic 
oxide. The I.R. spectra were identical. G.l.p.c, confirmed 
that nortricyclanone was the product, the only product of 
the reaction. The organotin by-product was not isolated.
TABLE XX
Cleavage of Isomer Mixture with Chromic Oxidea
Products formed; Extent of Reaction*
Molar Ratio ______ %. mmoles°_________________%. mmoles'3_________
S p  db=° ckr5ntn*ii^ nh.5n^
SnCCH-^
11.25 92 ± 0.9 
.23
unreacted 7 ± 0.9 
.025
40 + 0.5 
.21
is.5 96 ± 0,7 
.478
unreacted 42 + 0.8 
.147
68 t  0.5 
.345
Is.75 96 + 0.7 
. 7 2 6
unreacted 66 ± 0,6 
.23
100 + 0.2 
.51
Itl 95 t  0 . 9  
.95
all reacted all reacted all reacted
a In glacial acetic acid at ambient temperature, reaction time 
3 hours.
“ Upper figure is percent, lower figure is mmoles.
Once again only one product is obtained from both the 
endo and exo Isomers, suggesting a common intermediate. How­
ever, whether the total product is the result of a primary 
process or partially resulting from the isomerization of the 
unsaturated isomer is not known. The nortricyclyl tin isomer
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is cleaved when the reactants are used in a 1 : 1 molar ratio. 
However, the overall reaction appears to involve an oxida­
tion mechanism wherein tin is oxidized.
q, m-Chloroperoxybenzoic acid,
Peroxybenzoic acid is known to effect epoxidation of 
olefins. Mechanisms have been postulated for this reaction. 
B a r t l e t t 9 3  postulated the attack of an OH4" ion on the double 
bond or a cyclic transition state mechanism. Recently 
Kw a r t ^  postulated a 1 , 3 dipolar mechanism for olefin 
epoxidation. Regardless of the mechanistic pathway the 
epoxide is the normal product of the reaction.
Berti and co-workers^5 found that epoxides are un­
stable upon reaction of peroxybenzoic acids with endo and 
exo-5-norbornene-2-carboxylic acid. However, when the acids 
were esterified with dlazomethane the unsaturated esters did 
form stable epoxides with peroxybenzoic acid. Past investi­
gations indicated above show the electrophilic tendency of 
peroxybenzoic acid.
The results obtained on cleavage of the isomer mix­
ture with m-chloroperoxybenzoic acid are in Table XXI.
Apparent electrophilic attack by the peroxybenzoic acid had 
occurred. As in the case of the endo and exo-5-norbornene- 
2-carboxylic acids, the epoxide, if formed, is unstable 
since no evidence of this product could be obtained. Thus 
the reaction could have proceeded either as a result of 
electrophilic attack of the 0H+ moiety or through the formation^
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Cleavage of Isomer Mixture with m-Chloroperoxybenzoic Acida
Molar Ratio Products formed; %, mmoles*3  Extent of Reaction; %. mmoles*3_____
JlfeH ^ O H  ^  H h s n m *
05   Sn (CH^
1 :.25 80 ± 0.7 
.188
20 t 0.9 
.047
unreacted 11 ± 0.9 
.04
40 ± 0.6 
.20
1:.5 78 + 0.7 
.374
22 ± 0.8 
.106










Is .75 81 t  0.5 
.589
19 i 0 . 8  
.139
unreacted 65 ± 0.7 
.225
100 + 0.2 
.51
1:1 80 + 0.4 
.7
20 ± 0.7 
.17
unreacted all reacted all reacted
a In methylene chloride at ambient temperature, reaction time 5 hours. 
^Upper figure is percent, lower figure is mmoles.
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and subsequent opening of, the epoxide, which then proceeded 
to the displacement of the trialkyltin group and the forma­
tion of the unsaturated alcohol as product.
It is believed that a common intermediate is necessary since 
the same ratio of products is obtained from either the endo 
or exo isomer, Peroxybenzoic acid war. not strong enough to 
effect cleavage of the carbon-tin bond in the nortricyclyltin 
isomer. The I.R.'s of the pure alcohols were identical with 
those of authentic samples prepared by the method of 
Roberts .^6
r. Pyrldlnium bromide perbromlde.
A possible method of spreading the relative rate of 
reaction of one isomer over the other is by employing a 
selective reagent; e.g., pyrldinium bromide perbromlde. How­
ever, results were quite similar to those obtained for 
bromine in methanol. The only difference was that in this 
case only one bromide, nortricyclyl bromide, was obtained 
whereas in the case of bromine the endo + exo-dehydronorbornyl 
and nortricyclyl bromides were obtained. The results are 
given in Table XXII,
nortricyclyl tin isomer was broken after approximately 15 
hours. Since only one product is formed, a common intermediate
unsaturated (93) 
alcohols
As in the case of bromine, the carbon-tin bond of the
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might be involved. However, the possibility that some of the 
nortricyclyl product is formed by Isomerization of the un­
saturated isomer cannot be ruled out. The perbromlde follows 
the trend in that there is no pronounced difference in 
reactivity between the exo and endo isomers. The mechanism 
may involve the electrophilic attack of bromine on the double 
bond with subsequent loss of the trialkyltin by a trans- 
annular interaction through a common intermediate. The 
nortricyclyl bromide was identical to an authentic sample, 
as was the by-product trlmethyltin bromide.
TABLE XXII
Cleavage of Isomer Mixture 
with Pyridinium Bromide Perbromidea
Molar Product formedj
Ratio %. mmoles^_______ Extent of reaction i %. mmoles*3
BiSEfaSS. /j^7~Br £ ^ J Sn(CHjb
Sn(CH^
1 1 .2 5 91 ± 0.8 
.225
34 ± 0.8 
.18
14 ± 0.9 
.05
unreacted
is. 50 96 ± 0.5 
.48
64 + 0.5 
.34
40 + 0.7 
.145
unreacted
1:.75 96 + 0.5 
.725
100 + 0.3 
.53
60 + 0.7 
.21
unreacted
ltl 95 ± 0.7 
.95
all reacted all reacted all reacted
a In methanol at ambient temperature, reaction time 6 hours, 
^ Upper figure is percent, lower figure is mmoles.
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s. Determination of relative rates of the Isomers.
The Ingold. 9^ equation can be employed to determine 
the relative rates of reaction of the exo vs. endo isomer.
log A 0 - log A _ kA
log B 0 - log B kg
The ratio kA/kg represents the ratio of rate constants for 
the cleavage of trialkyl tin from the exo and endo isomers,
A and B, respectively, by means of a suitable electrophile.
A 0 and B 0 represent the initial concentrations of each Isomer.
The assumption that both competing reactions are 
irreversible and proceed by the same mechanism, and there­
fore have the same kinetic order is necessary in order for 
the aforementioned expression to be valid for determining of 
relative rate constants. This assumption can be tested by 
means of a study Involving the effect of varying the con­
centration of the mixture of isomers and the attacking 
electrophile. If the relative rate constant is not altered 
by a change in concentration of any of the reactants the 
assumption can be termed valid. In the case of trifluoro- 
acetlc acid and the other electrophiles the relative rates 
of the exo vs, endo varies somewhat when one compares the 
relative rate obtained from the reaction of It , 25 (isomer 
mixture/electrophile) and Is , 50 (isomer mixture/electrophile). 
This can be explained by the fact that when using the Is.25 
molar ratio, the amounts obtained are quite small and the 
deviation from other molar ratios is greater than if one
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compared the 1 : . 5 0  molar ratio to the Is . 75 molar ratio.
TABLE XXIII 
Relative Rates of Electrophilic 
Cleavage of Exo vs. Endo Isomers
No. Electrophile Solvent. Temperature
Relative Rate 
exo vs. endo
1 CF3COOH pentane, ambient 10
2 HClOij. pentane, ambient 2 . 5
3 Br2 methanol, ambient 1.3
4 C12 methanol, ambient 2.4





methanol, reflux (78°) 5.1
7 HgCl2 acetone, ambient 7
8 CuCl2 methanol, ambient- 2
9 NOC1 chloroform, ambient . 6 1
10 AUCI3 ether, ambient 2
11 AgN03 methanol, ambient 5.3
12 CrC>3 acetic acid, ambient 4.2







Mention should be made that a true comparison of these rela>
tive rates may not be possible, in a strict sense , since
each cleavage involved different solvent medium.
The constancy in product distribution irregardless 
of the molar ratio of reactants employed suggests a common
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intermediate from both exo and endo isomers. Trifluoroacetic 
acid is such a strong acid that when placed in polar solvents, 
the cleavage occurs almost instantaneously with the addition 
of one reactant to the other, producing undesirable side 
products. In one cleavage with trifluoroacetic acid, pen­
tane was used as solvent. No examples in the literature can 
be cited wherein trifluoroacetic acid was used as a reactant 
in pentane solvent. However, pentane seems to decrease the 
reactivity of the acid. An added reason for the use of 
pentane is that no complicating side reactions were observed 
as when one used a polar solvent, e.g. acetic acid. The 
organotin product, presumably trimethyl tin trifluoroacetate, 
was not isolated.
tion of a common intermediate. Since no reaction occurs with 
the saturated isomeric mixture in a comparable period of 
time, it seems likely that the electrophile attacks the 
double bond initially forming a carbonium ion which then 
has the possibility of rearranging to a common Intermediate. 
This is depicted in eq. (9^).
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No definitive proof of this mechanism is available at this 
time but will be the subject of future study.
3. Miscellaneous
a. Attempted cleavage with acetyl chloride.
Acetyl chloride has been known to cleave organo- 
metallic compounds with or without a catalyst depending on 
the structure of the organometallic system. M a l i n o v s k l 9 7  
has found that treating triphenyl antimony with acetyl 
chloride in the presence of aluminum chloride produced 
benzophenone in good yields. The overall reaction is shown 
in eq . (9 5 ).
Pl^Sb + AcCl AICI3 PhCOR + inorganic products (95)
M a l i n o v s k i 9 8  also investigated acetyl chloride, aluminum 
chloride catalyzed, cleavage of tetraphenyl lead, tetra- 
phenyl tin and diphenyl mercury. The lead and mercury 
compounds gave satisfactory results. However, tetraphenyl- 
tin produced only tarry material. A catalyst seems to be 
required for cleavage with acetyl chloride since Gilman99 
determined that dibenzyl mercury and benzyl mercury chloride 
are not cleaved even after several weeks without the presence 
of catalyst.
Acetyl chloride also adds to double bonds. Friess^® 
found that acetyl chloride in the presence of aluminum
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chloride adds readily to cyclohexene,
1) -10°, 
C6h!2o\  + CH3COC1 + 2A1C13 $ COCH3 + HC1 (96)
2) warm 
to 700
These reactions are postulated as proceeding by means of an 
ionic pathway.
Acetyl chloride possesses electrophilic properties.
It was believed that the acyl carbonium ion could attack the 
double bond in a similar manner as other electrophiles do,
The cleavage was attempted using various experimental condi­
tions. The reaction was run:
(1) neat, room temperature
(2) neat, 50°/3 hours.
(3 ) ZnCl2
{k) Ether (room temperature and heat)
Whether carried out neat or with solvent the cleavage could 
not be effected. In the case of zinc chloride the reaction 
was quite vigorous but the products were many, Therefore, 
the results were difficult to interpret. It is believed 
that acetyl chloride is a weaker electrophile than others 
previously used, However, by carefully adjusting experimental 
conditions (heat, catalyst) it is believed cleavage might be 
attained,
b. Attempted cleavage with acetyl bromide.
Acetyl bromide, like acetyl chloride, has electro­
philic possibilities, The cleavage was attempted using a
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variety of conditions. The reaction was investigated under 
the following conditionst
(1 ) neat, room temperature
(2 ) neat, heat 8 0 -8 5 ° / 3 hours
(3 ) pyridine, room temperature and heat
No cleavage was effected. Acetyl bromide is evi­
dently a poor electrophile in reactions of this type. By 
proper variation of experimental conditions, cleavage may be 
possible,
c. Attempted cleavage with boron trlfluorlde and boron 
trichloride.
Boron trifluoride has been found to cleave methyltin 
compounds. Burg^^ reacted boron trifluoride with tetra- 
methyltin and cleaved the carbon-tin bond, shown in eq. (9 7 ).
(CH3 )ij,Sn + 2BF3 — » CH3BF2 + (CH3 )3 SnBFj+ (97)
Boron trifluoride has electrophilic properties, thus 
reactions with the isomer mixture may effect an electro­
philic displacement reaction involving the double bond. The 
product of the reaction upon hydrolysis would lead to the
/O
boronic acids which Matteson has prepared. The reaction 
of boron trifluoride was carried out at room temperature and 
only reaction was obtained after 2k hours. Similarly, 
boron trichloride was used in both ether solvent and benzene 
solvent. However, no cleavage products were obtained. The 
only visible signs of reaction was the color from clear to 
dark brown deepening on the reaction mixture.
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d. Attempted, cleavage with mercuric acetate,
Romeyn102 and co-workers have shown that mercuric 
acetate will add to a double bond. Specifically they reacted 
cyclohexene with mercuric acetate. However, they state that 
methyoxymercuric acetate is attacking the double bond for 
the Interaction of mercuric acetate and methanol is faster to 
form methoxymercurie acetate than is the addition of mer­










Mercuric acetate in methanol was added to the isomer 
mixture. A reaction seemed to occur as evidenced by the 
turbidity of the solution which resulted. Neither dehydro- 
norbornyl nor nortricyclyl acetate was found. Only solid 
material was isolated which had a wide melting point range 
even after attempts to separate components by fractional 
crystallization. Since high melting solds were the products 
of this reaction, it is believed that the mercuric acetate 
added to the double bond with no loss of the trialkyl tin 
moiety. No cleavage resulted since no evidence of
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trimethyltln acetate was found; for that matter, no 
trimethyltln hydroxide was Isolated. This would be expected 
since trimethyltln acetate is easily hydrolyzed to the 
alcohol.
e. Attempted cleavage with palladium chloride.
Moiseev‘S  investigated the reaction of palladium
chloride with ethylene in deuterated methanol and deuterated
acetic acid. The resulting MeCH(0Me)2 was almost free of
deuterium, indicating the intermediacy of a carbonium ion 
+
such as MeCH= OR. Oxidation in acetic acid gave not only 
CH2 = CHOAc but also up to $0% MeCH(0Ac)2 , substantially 
free of deuterium. The results suggest that an intermediate 
organometallic produce is cleaved heterolytically to yield 
carbonium ions. This is just one example wherein palladium 
chloride shows electrophilic tendencies.
Palladium chloride was added to the mixture of 
isomers under a variety of conditions.
(1 ) ether, room temperature then heat
(2 ) acetone, room temperature then heat
(3 ) 50$ acetic acid, heat
No reaction occurred in ether or acetone solvents. 
In the case where acetic acid was used as the solvent, a 
tarry black viscous residue was obtained. No identifiable 
products could be Isolated, It is believed that palladium 
chloride may effect cleavage by experimenting with a 
variety of conditions.
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f. Attempted cleavage with thallium acetate.
Lee and Price10*1' have added thallium acetate to cyclo-
hexene. They postulate a similar mechanistic pathway as in 
the case of mercuric acetate addition to cyclohexene, namely 
an ionic path.
The addition may be cis, trans. or both. This, however, is 
irrelevant to the cleavages which are studied in this 
laboratory.
ture of isomers. However, no reaction occurred. Only 
unreacted starting materials could be isolated,
g. Attempted cleavage with methane sulfonyl chloride.
Methanesulfonyl chloride can be polarized in such a 
manner as to afford a potential CH^S0 2+ ion as an electro- 
phile1^  and thus be Involved in an electrophilic reaction at 
a double bond. The literature does not contain much in the 
way of addition of this reagent to unsaturated systems.
Abel and Armitage10^ reacted methanesulfonyl chloride with 
NN-diethylaminotrimethyl sllane to evolve trimethyl chloro- 
silane and form methane benzenesulfonyl NN- - diethylamide.
RSO2CI + Et2N-SiMe3 — > Me^SiCl + RSC>2 *NEt2 (100)
Methanesulfonyl chloride in ether or methanol added 




Thallium acetate in methanol was added to the mix-
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materials. Apparently the electrophilic properties of this 
reagent are weak and need more drastic experimental condi­
tions to effect cleavage,
h. Attempted cleavage with oerlc ion.
Ceric ion has been used to effect oxidations of 
alcohols, glycols, aldehydes and ketones,-^6 Ceric oxide 
in the presence of hydrochloric, perchloric or sulfuric 
acid is used in the oxidizing agent. No literature has been 
published concerning the oxidation of organotin compounds by 
ceric ion.
Ceric oxide was added to the isomer mixture using a 
variety of conditions: dilute hydrochloric acid, methanol,
and dilute sulfuric acid.
No reaction occurred in either of the three cases 
mentioned above. The greatest problem appears to be dissol­
ving the ceric oxide in the acid. This was effected only 
with the greatest amount of difficulty and the results proved 
negative. Only starting materials could be isolated. Care 
must be taken to select a suitable dissolving acid, i.e., 
one which does not effect cleavage itself,
1. Attempted cleavage with cyanogen bromide.
Cyanogen bromide can be considered an electrophile. 
However, as in the case of acetyl chloride, in order to 
effect electrophilic attack on a double bond the presence 
of a catalyst such as aluminum trichloride is necessary.^ 7
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An attempt was made to cleave the isomer mixture since it was 
believed that what the cyanogen bromide lacked in electro- 
philicity would be compensated by the reactivity of the 
unsaturated organotln mixture. The results were negative 
when -the isomer mixture was treated with cyanogen bromide in 
ether at ambient temperature and also when methanol was 
employed as a solvent medium. Only starting materials could 
be recovered, and almost quantitatively. Cyanogen bromide 
may be an extremely weak electrophile and possibly activated 
by means of aluminum chloride catalyst. No attempt was made 
to react cyanogen bromide with the Isomer mixture in the 
presence of aluminum chloride or any other catalyst for 
results with acetyl chloride and zinc chloride indicated that 
many reactions may be occurring simultaneously. This was 
deduced by observing the large number of product peaks in 
the g.l.p.c, in the case of acetyl chloride,
.1, Attempted •preparation of dlnorbornenyltln diohlorlde.
The possibility of a better leaving group was con­
sidered. It appeared that dinorbornenyldimethyltin would be 
an Interesting compound to examine since the tin atom was 
surrounded by two small methyl groups and two larger norbor- 
nenyl groups. Cleavage of this compound may produce a great 
enhancement of the rate of one isomer over the other,
Steric effects would probably play some role in the cleavage.
Stannic chloride was added to the isomer mixture. 
Trimethyltln chloride precipitated out within ten minutes,
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leaving a viscous brownish yellow liquid. The liquid was 
not distillable. Attempts to promote crystallization using 
various solvents failed. The expected reaction is shown in 
eq. (1 0 1 ).
Trimethyltln chloride was isolated and characterized by 
comparison with an authentic sample. However, the dlnor- 
bornenyltin dichlorlde could not be obtained.
k. Attempted preparation of norbornenyltrlfluoro tin.
The possibility of a better leaving group than 
trimethyltln was reconsidered. Theoretically the replace­
ment of the three methyl groups on the tin atom by fluorines 
would permit coordination by nucleophiles and an easier loss 
of the penta or hexacoordinate tin moiety. In this manner, 
the trifluoromethyl entity may react preferentially in the 
exo or endo position thus leaving the remaining isomer un­
reacted. An attempt to prepare the trlfluorotin adduct 
followed the course shown in eqs. (1 0 2 ) and (1 0 3 ).
SnFiH-£LiAlHi|, — SnF3H + iLiAlF^ (102)
recovered 1 0 0$ norbornadlene
R.T.
The reaction of norbornadlene with tin tetrafluoride 
in the presence of lithium aluminum hydride produced, only 
the unreacted diene in quantitative amounts. Possibly the
2 Sn mixture •+ SnClij. 2 (CH3 )3SnCl (101)
no lsolable products
(103)
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trifluorotin adduct may be prepared by this method by 
varying experimental conditions. However, even If the reac­
tion occurs, the resulting tin compound might be readily 
decomposed even In the presence of air,
1. Attempted preparation of trlethyltln Isomers.
Belief that one isomer could react In preference to 
the other isomer in an electrophilic cleavage was mani­
fested in the change of trimethyltln to trlethyltln in the 
organometallic compound. Trlethyltln hydride was added to 
norbornadlene in a similar manner to the addition of 
trimethyltln hydride to the diene. A dark yellowish liquid 
was obtained. Upon distillation all attempts to separate 
the Isomers failed using a variety of g.l.p.c. columns.
Once an analytical column is devised to separate these 
isomers, then a quantitative determination of the relative 
rate of the endo vs. exo isomer can be obtained, in compari­
son to one another and also in comparison to the trimethyl- 
tin isomers. Expectations are that similar results would be 
obtained in the triethyl case as compared to the trimethyl 
case since the ethyl groups are only slightly larger than the 
methyl groups. On steric grounds only slight changes are 
expected. Considering the inductive effect, there are only 
slight differences for the trimethyl vs. triethyl tin isomers,
m. Attempted preparation of an unsaturated blcyclo /3»2«l7 
tin system.
Consideration was given to ring enlargement to deter­
mine its effect on the ease of cleavage of the trimethyltln
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 0 9
entity. Preparation of the unsaturated blcyclo /3*2»l7 tin 
system is possible by two methods both involving a carbene 
addition reaction and subsequent cleavage of the cyclopropyl 
intermediate to form the larger ring. One method is the
mixture produced cleavage of the trialkyl entity with no addi­
tion across the double bond. Evidently the presence of 
iodine, as a result of CH2 I2 fragmentation, is sufficient to 
cause Sn-carbon cleavage as has been mentioned previously in 
the cleavage of the isomer mixture with iodine.
use of potassium t-butoxide and chloroform. In this case 
the base is apparently too strong and similarly produces 
cleavage of the carbon-tin bond before addition to the double 
bond.
of the bicyclo /2 *2 *l7  system to the isomers in the un­
saturated /bicyclo 3*2•!7 system cannot be made at this time.
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generation of a carbene by the Smith Simmons^^ reagent and 
addition to the isomer mixture.
+ Zn-Cu CH2 I2 
couple — X-- >
get cleavage of tin before 
addition to double bond.
The addition of CH2 l2 /Zn-Cu couple to the Isomer
Generation of the carbene was investigated by the
Any comparison of the dehydronorbornyl tin Isomers
110
Considerable interest still remains to determine the effect 
of the rate of cleavage of the Isomer mixture in the larger 
ring system.
n, Attempted cleavage with hypochlorous acid.
Hypochlorous acid adds to olefins to give chloro- 
hydrins.^9 Henderson-^® Investigated the addition of hypo­
chlorous acid to norbornene and found only one chlorohydrin 
was formed. The reaction is postulated as an electrophilic 
attack by the hypochlorous acid on the double bond,
Hypochlorous acid was employed in the cleavage of 
the isomer mixture. Hypochlorous acid in the presence of 
either ether, methanol tetrahydrofuran or t-butyl alcohol 
afforded no cleavage products. Only unreacted starting 
materials were isolated. The hypochlorous acid used was
i nchlorox or generated by means of the method of Brodkorb, 
namely the reaction of calcium oxychlorlde, carbon dioxide 
and water. The source of the hypochlorous acid did not have 
any effect on the success of the cleavage reaction. Since 
in each case the hypochlorous acid was present with a certain 
amount of water, the failure to cleave the tin moiety may 
be due to the fact that hypochlorous acid in the presence of 
water indeed is a better nucleophile forming ”001 in pre­
ference to HO-1'and Cl“ ions.
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TABLE XXIV
Summary of Electrophilic Cleavage Reactions
Reagent Electrophile ... Product {%\
Trifluoroacetic
acid
# Nortrlcyclene (70), nor- 
bornene (3 0 )
Perchloric acid I# Nortrlcyclene (90), nor- 
bornene (1 0 )
Bromine Bi® Exo and endo-dehydronor- 
bornyl bromide, nortri­
cyclyl bromide (5 0 ; 40; 
1 0 )
Chlorine Cl® Nortricyclyl chloride 
(1 0 0 )





02N - ^ - S ©
2 ,4-Dlnitrophenyl nortri­
cyclyl sulfide (1 0 0)
Mercuric
chloride
ClHg® Nortricyclyl mercuric 
chloride (1 0 0)
Copper (II) 
chloride




NC# Nortricyclanone oxime 
(1 0 0 )
Gold chloride ci2ai# Exo and endo-dehydronor- 
bornyl chloride, nortri­
cyclyl chloride (3 0 ; 2 0 ; 
50)
Silver nitrate A # Norbornene (100)
Chromic oxide 0Cr02H2® Nortricyclanone (100)
m-Chloroperoxy- 
benzoic acid
01# Exo and endo-dehydronor- 




Br® Nortricyclyl bromide (100
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Discussion of Electrophilic Cleavage Mechanism
Results show that the homoallylic double bond is 
necessary to produce cleavage in the isomer mixture. The 
saturated isomer mixture did not undergo cleavage within the 
reaction time for the cleavage of the unsaturated mixture,
A large number of electrophilic substitutions at 
saturated carbon involve a metal-containing entity as the 
leaving group.
reactions of metal alkyls, there are two different patterns 
of reactivity with respect to the alkyl groups R, and that 
these two patterns are solvent dependent:
E R - MXn — » E - R (where X may = R) (105)
Gielen and Nasielski112 have pointed out that among such
(1) in polar solvents a rate sequence M e > E t >  
Prn > p ri , steric in origin.
(2) in non-polar solvents a sequence M e < E t <  
Prn < Pr^, polar in origin.
11?To reactions following these sequences were assigned, “ res­
pectively, mechanisms SE2 and Dessy's*^ four-centered cyclic 
mechanism Sp2,




SF2 ( 1 0 7 )
R* E R - E
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For the simple reactions in which the reagent can 
be denoted as E - N, where E is the electrophilic and N the 
nucleophilic center, the relation between Sg2 and Sp2 
mechanisms can be seen quite easily as shown above• It 
should be noted that the "solvent rule" of Gielen and 
Nasielski does not always apply.
Apparently, in our case, the solvent rule is not 
operating. Considering the bromine in methanol cleavage, 
the methyl group should be preferentially cleaved over the 
norbornenyl since Nasielski states that in polar solvents 
steric factors play an important role. Actually it may not 
be proper to use this reasoning in the case of the isomer 
mixture since we are dealing with an unsaturated system 
whereas Nasielski’s data reflects solvent effects in 
cleavages of saturated organotln compounds.
Consideration of the relative cleavage of organotin 
compounds as investigated by Seyferth seems more appro­
priate. The order of group cleavage of tetrasubstituted 
tins by halogens is C6H5 > C H 2 = CH > CH3 ’> C2H5 > nC3H7 >
C4H9 . Since the isomer mixture is a homoallylic system, 
the presence of unsaturation in the rigid system may be a 
more important factor in the cleavage than are solvent 
effects.
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A plausible mechanistic pathway in the cleavage 
reactions on the Isomer mixture can be proposed:
In several of the cleavage reactions, eg, bromine, 
m-chloi'operoxybenzoic acid, trlfluoroacetic acid and per­
chloric acid, the unsaturated isomer is also obtained. This 
can be explained by assuming that the electrophile attacks 
on the other carbon atom of the double bond. The resulting 
intermediate would then undergo a hydride shift to give the 
unsaturated product. This can be depicted as shown in eq, 
(108) .
manner since a bond cannot form across the ring. Mention 
should be made of the fact that, in all of the successful 
cleavage reactions, the unsaturated products may be formed 
but under the reaction conditions may be isomerized to the 
nortricyclyl derivatives. This has not been tested experi­









The nortricyclyl isomer cannot be formed in this
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isomeric substrates and subjecting these compounds to the
in the case of dehydronorbornyl mercuric chloride. He found 
that the nortricyclyl mercuric chloride was the only product 
of the reaction with boronic acids since the norbornenyl 
mercuric chloride did not isomerize under the reaction con­
ditions.
might be involved in the reaction since the same product or 
mixture of products is obtained irregardless of which 
Isomer is reacting. No further experimental evidence can 
be given at this time as to the detailed mechanism of 
this reaction. This will be the subject of future investi­
gation in these laboratories. Ultraviolet absorption 
cannot be used to follow the reaction since the unsaturated 
isomers do not show any characteristic absorption. It was 
believed that a transannular interaction between the double 
bond and the vacant d orbital of the tin atom might have 
an absorptive effect in the ultraviolet spectrum. However, 
none was observed. In hexane, the only absorption obtained 
was at 190 mu and this was due to the hexane solvent.
of the cyclic intermediate, if formed, is apparently very fast.
/•o
same cleavage conditions. This has been done by Matteson00
Our results indicate that a common intermediate
The electrophile may form a complex with the
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Further reaction of this open carbonium ion is also a rapid 








In fact, the formation of a non-classical ion intermediate,
may occur directly with no free classical ion present at 
any one time.
cleavage reactions, it would not be valid to compare the 
relative rates of reaction of the Isomers with each eiectro- 
phile used. Choices of solvents were made in such a manner 
not only to attain complete solubility of the Isomer mixture 
but also to avoid any complicating side reaction by the 
solvent molecule.
A mechanistic study which would shed some light on 
the reaction path might take one of the following forms :
(1) Ideally, a quantitative separation of the mix­
ture of isomers followed by experiments on 




Since different solvents were used in most of the
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(2) Deuterium labelling experiments.
This second method can be represented schematically in the 
following manner:
DC s CD + (CH3 )3SnD
dn ,D 
+ — c --- >
D Sn(CH3 ) 3
D s /D









If cleavage occurs as postulated through a common ion 
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If the common Intermediate was operative the deu­
terium atoms would remain on the carbon atoms to which they 
were originally attached. In the case of the hydride shift 
mechanism one of the deuterium atoms migrates across the 
ring to another carbon atom. N.M.R. could be used to deter­
mine the positions of the hydrogen atoms. In the starting 
tin isomers the N.M.R. would show the presence of vinylic 
protons around ^ T  whereas in the product the olefinic hydro­
gens are converted to saturated hydrogens and should be 
found around 8 . 5 T *
Another method of elucidating the mechanism would be 
by the preparation and cleavage of the following compound:
The cleavage or lack of cleavage of this compound would shed 
some light on the mechanism. If a common intermediate is 
operative then the cleavage reactions should occur. However, 
if the mechanism involves a hydride shift then the reaction 
would not occur since only methyl groups and not hydrogen 
atoms are available for migration. Methyl migration is not 
expected to occur. If it did, N.M.R. could be used to deter­
mine this fact quite readily. These experiments are being 
conducted in current investigations in these laboratories.
Sealed 
Sn(CH^)3 tube




Authentic samples for comparison with cleavage 
products were purchased whenever possible. All other 
products, unavailable commercially, were synthesized by known 
methods. Yields In all of the successful cleavage reactions 
were essentially quantitative.
II. Preparation of Isomer Mixtures
Reagents were used without purification unless 
otherwise specified. The infrared spectra were taken using 
a Perkin-Elmer Model 337. The n.m.r. data were recorded 
using a Varian A-60 instrument. The gas liquid chromato­
graphic analyses were carried out using a F & M Model 720 
gas-chromatograph. Elemental analyses were made by 
Galbraith Laboratories, Knoxville, Tennessee.
1. Preparation of Trlmethyl Tin Hydride.
A procedure similar to that used by Fish^~5was 
used. A three necked round bottom flask was equipped with 
stirrer, addition funnel and air-cooled condenser attached 
to a water-cooled condenser and was fitted with an adapter 
and collector. An argon atmosphere was maintained. Forty 
milliliters of bis 2-ethoxyether ether and 1 . 5  S. ( 0 , 0 4  
moles) of lithium aluminum hydride (excess) were added to
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the flask. Trlmethyltin chloride 15 g. (0.0?6 mole) dis­
solved in 15 ml. of bis-2-ethoxyether ether was added over 
a period of 15 minutes through the dropping funnel. As the 
trlmethyltin chloride was added the temperature was 
gradually increased to a maximum of 80°. Trlmethyltin 
hydride distilled off slowly at this temperature. The 
temperature was raised to 120° over a 3-^ hour period. The 
yield of product was 7 , 3  S» (60%),
2. Preparation of Isomer Mixture (Thermally).
Forty-six grams (0,5 mole) freshly distilled bicyclo- 
heptadiene was placed in a 250 ml, round bottom flask 
equipped with stirrer, reflux condenser and addition funnel. 
The reaction mixture was maintained under an argon atmos­
phere. The bicycloheptadiene was heated to 60°, Eighty-three 
grams (0 . 5  mole) trlmethyltin hydride was added alowly over 
a one-hour period. The reaction mixture was heated for an 
additional three hours. Distillation afforded a product 
b.p, 40°/,l mm.; g.l.p.c, (1 , 2 , 3 tris-2-cyanoethoxy propane; 
\  in. by 15 ft.; isothermally 120°; flow rate* 30 ml./mln,) 
showed the presence of three peaks. Yield was 115 S» (95$)* 
The relative amounts of these peaks in the order of elution 
were 11$, 36$, 53$. An infrared spectrum indicated the 
presence of a nortricyclyl group (3060 and 800cm”-*-), a nor- 
bornenyl group (30^0 and 1570cm”-*-) and a tin-carbon bond at 
1 2 5 0cm"•*•),
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Anal. Calcd. for C^oH^gSn: C, 46,75* H, 7.01* Sn,
46.24. Founds C, 46.47* H, 6.95* sn, 46.50.
3. Preparation of Isomer Mixture (Photolytlcally).
Five grams (0.052 mole) freshly distilled bicyclo- 
heptadiene was placed in a Pyrex photolysis tube. Eight 
and three-tenths grams (0 . 0 5 mole) of trlmethyltin hydride 
was added to bicycloheptadiene under an argon atmosphere.
The Pyrex tube was irradiated at 60° with a 100 watt Hanuvla 
lamp for six hours. Distillation-of the product afforded a 
liquid, b.p.„40°/.l mm.* g.l.p.c. (1 , 2 , 3 tris-2-cyano- 
ethoxy propane* \  in, by 15 ft.) showed the presence of 
three peaks in the proportions 11$, 36$ and 53$. identical 
to that obtained for the thermal preparation. Yield was
11.3 g. (89$), An infrared spectrum was superimposable on 
the spectrum obtained from the product of the thermal reac­
tion. Elemental analysis was the same as above.
Anal. Calcd. for CxoHxgSn: C, 46.75* H, 7.01* Sn
46,24. Found: C, 46.47* H, 6 .95. Sn, 46.50.
4. Attempted Separation of the Isomer Mixture.
Thin layer chromotography was attempted using both
silica gel and alumina plates. Best results were found 
using silica gel and benzene as solvent. Poor separation was 
obtained for the mixture of isomers using common polar 
(acetone, ether, methanol) and non-polar (pentane, carbon 
tetrachloride, chloroform) solvents. Attempts to separate
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the mixture quantitatively using a silica gel column with 
benzene as elluent failed.
Gas liquid partition chromatography was attempted.
Many columns were ineffective (silicon gum rubber, carbowax, 
aplezon L, kel P, silicone nitrile). Analytical separation 
was obtained using a 4 in. by 15 ft. 1, 2, 3 tris-2-cyano- 
ethoxy propane column on 60-80 mesh Dlatoport P. Attempts 
at quantitative separations using a 3 / 8  inch by 20 ft. 
column of the same packing material was unsuccessful because 
of the overlapping and tailing of the peaks when amounts 
greater than 5 0 /<l were used.
5. Quantitative Separation of Unsaturated Isomer Mixture.
An Aerograph Autoprep Model A-700 was used to 
separate the isomer mixture for identification purposes.
A 20$ 1, 2, 3 tris-2-cyanoethoxy propane column (3/8 in. by 
20 ft.) was used. Maximum amounts that could be injected 
while maintaining good efficiency was 50/^1. Samples were 
obtained in the pure state.
1st peak - Nortricyclyl tin isomer. Anal. Calcd. 
for* CxoHisSn: C, 46.75? H, 7.01? Sn 46.24. Pound: C, 46.51,
H, 6.94; Sn 46,47.
2nd peak - endo Dehydronorbornyl tin isomer. Anal. 
Calcd. for: C10H18Sn:. C, 46.751 H, 7.01; Sn 46.24. Found: 
46.55? H, 6 .9 6 ; Sn 46.50.
3rd peak - exo Dehydronorbornyl tin isomer. Anal. 
Calcd. for: C10H18Sn: C, 46.75? H, 7.01? Sn 46,24, Found:
C, 46.58; H, 6.97? Sn 46,43.
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N.m.r. and Infra red data on these compounds are 
found on pages 25 and 1 5.
Ill Determination of Structures and Configurations 
1. Preparation of Saturated Tin Analogs.
a. Hydrogenation of Isomer mixture. Five grams 
(0 , 0 2 mole) isomer mixture dissolved In 15 ml. ethyl acetate 
were placed in a hydrogenation bottle containing 1 , 5  grams 
palladium on charcoal and shaken in a Parr apparatus at 60 
p.s.i, of hydrogen. After 8 hrs, the reaction mixture was 
filtered to remove the catalyst, and the filtrate was dis­
tilled. The ethyl acetate was removed and finally the 
isomer mixture distilled, b,p. 1*2°/.01 mm. Yield was ^.1 g. 
(80$). G.l.p.c, (1, 2, 3 tris-2-cyanoethoxy propane; \  in. 
by 15 ft.) showed the presence of three product peaks with 
slightly higher retention times than their unsaturated 
analogs. The peaks were presumably nortricyclyl, endo- 
and exo-norborny 11in isomers' as shown by an infrared spec­
trum which contained no vinyl C-H bands. (carbon-tin bond 
at 1250cm“^).
Anal. Calcd. for CiQH20S n » c » ^6.39» ?.73l Sn
^5.88. Found: C, 1*6.15; H, 7.60, Sn 1*6.20.
b. Photolytlc addition of trlmethyltin hydride to 
norbornene.(exo-norbornyltrlmethyltln). Four and one quarter 
grams (0 ,0 2 5 mole) trlmethyltin hydride and 2 . 2 5  g. (0 ,0 2 5)
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norbornene were placed in a Pyrex photolysis tube. The 
norbornene was soluble in the Isomer mixture. The mixture 
was photolyzed at 25° for 33 hours using a 100 watt Hanovia 
lamp. The mixture was distilled and gave only one product 
(b.p. 40-42°? .01 mm.) Yield was 4.9 g. (?&%)• G.l.p.c.
(1 , 2 , 3 tris-2-cyanoethoxy propane? i in. by 15 ft.) 
showed the presence of one product peak. Comparative g.l.p.c, 
using the same column, with the mixture of saturated isomers 
showed that the third and largest peak in the chromatogram 
was the exo isomer.
Anal. Calcd. for C]_()H20Sn? c » 46.39? H, 7.73? Sn 
45,88. Found: C, 46.15; H, 7.60, Sn 46,20.
c . Preparation of blcyclo hept-2-en-2-
yltrlmethyltln. The bicyclo /2«2»l7 hept-2-en-2-yl bromide 
was prepared as described by the method of LeBel.^^
One and one-half grams of lithium sand and 25 ml. of 
dry tetrahydrofuran were added to a $0 ml. round-bottom 
flask equipped with magnetic stirrer, addition funnel and 
an argon atmosphere. The reaction flask was chilled to 0° 
and 7.5 S. (0.046 mole) of bicyclo /2*2*l7 hept-2-en-2~yl 
bromide was added dropwise with rapid stirring. The stirring 
was continued for 2 hours at 0°. Nine grams (0.047 mole) 
trlmethyltin chloride was added dropwise over a 15 minute 
period and stirred for one hour at 0°. The reaction mixture 
was poured into a mixture of saturated ammonium chloride,
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Ice and 200 ml. ether. The ether layer was separated and 
extracted successively with 50 ml, of water and $0 ml. of 
saturated sodium chloride solution. The ethereal layer was 
dried over magnesium sulfate. The ether was removed at 
atmospheric pressure, tetrahydrofuran at 100 mm. and 
further distillation yielded -^.5 g. (38$) of the anticipated 
product, b.p. 11-8—50° (0.1 mm.). I. R. spectrum showed a 
C = C indicated by peaks at 3030cm”-*- and 15^5cm~^ an(i a 
carbon-tin bond at 1250cm”-*-.
d. Hydrogenation of bicyclo /2*2*l7 hept-2-en-2-
yltrlmethyltln. Procedure similar to that of F i e s e r . 3 9
Three grams (0,012 mole) of bicyclo hept-2-
en-2-yltrlmethyltin, -^.8 ml. of 95$ hydrazine, 35 ml, of 
anhydrous ethanol and 1 ml. of a 1$ solution of CuSO^*5H20 
were added to a 50 ml, round bottom flask fitted with a 
magnetic stirring bar and an argon atmosphere. The mixture 
was cooled to 0° and 2.^ 1- ml. of 30$ hydrogen peroxide was 
added from a capillary pipette at a rate of one micro drop 
per 10 seconds. The addition was complete in 15 minutes.
The reaction mixture was shaken up in 25 ml. benzene and 
washed twice with saturated sodium chloride solution and dried 
over magnesium sulfate.
The solvents were distilled at reduced pressure keeping 
the pot temperature below 5 5 ° .  The solvents were distilled 
through a bantam ware Vigreux column. Continued distillation
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without a column yielded 2 . 2  g. (7W  of the expected product,
b.p. 4-6-4-80 (0,1 mm). The infra red spectrum showed the 
disappearance of the C = C peaks at 3030cm” and 154-5cm“^, 
G.l.p.c. (i in. by 15 ft . 5 1, 2, 3 tris-2-cyanoethoxy pro­
pane) showed the product purity greater than 99%* Coinjection 
of this product with the saturated tin mixture showed the 
second peak to be the endo isomer.
Anal. Calcd. for C^o^20Sn » c » ^6*39? H, 7.73? Sn 
4-5.88. Found: C, 4-6.18; H, 7.62; Sn 4-6,25.
IV. Isomerization Experiments
1. Photolysis.
Photolyses were carried out using two necked reac­
tion vessels In order to maintain an argon atmosphere. In 
most cases they were run neat. Upon completion of the 
reaction the mixture was subjected to g.l.p.c. analysis 
using a 1, 2, 3 tris-2-cyanoethoxy propane column in. 
by 15 ft.) m-xylene was used as Internal standard for deter­
mining the amounts of reactants (tin) remaining. In three 
cases (thiophenol, carbon tetrachloride and bromotrichloro 
methane) products were converted into more easily identi­
fiable substances (nortricyclylphenyl sulfone and 3-dichloro- 
methylene nortricyclene, respectively).
Both reactants were added to the photolysis tube in 
an argon atmosphere. After appropriate periods of time 
(Tables II - VII), the reaction was stopped and the analyses 
were made as described above.
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2. Preparation of Trl-n-butvltln Hydride.
The procedure used was that employed by Walsh.117 
Bis-tributyldltin oxide (29.8 gr.; 0.05 mole) in 3° ml. dry 
ether was added over a period of twenty minutes to a stirred 
suspension of 1 . 9  g. lithium aluminum hydride (0 . 0 5 mole) 
in 20 ml, ether cooled with an ice-water bath. An argon 
atmosphere was maintained during the course of the reaction. 
After stirring for 5 hours the excess lithium aluminum 
hydride was hydrolyzed with approximately 50 ml. of ice water. 
The ethereal layer was separated, washed twice with water and 
twice with saturated calcium chloride solution and dried over 
anhydrotis magnesium sulfate. The ether was removed and the 
residue distilled under vacuum, b.p. 90-9lO/0 . 9  mm,j yield 
was 2 0 . 2 g. (70$).
3. Preparation of Vinyl Phenyl Sulfide.
Thiophenol (44 g, j 0.4 mole) and sodium hydroxide 
(17.6 g.j 0.4 mole) in 160 ml. water was refluxed for 
thirty minutes with 2-chloroethanol (33 g.J 0,4 mole). The 
oily product was extracted with ether. The extract was 
evaporated and the residue distilled yielding 2-phenylthio- 
ethanol, b.p. l46-8°/l5 mm. (58 g.; 9&%)•
Thionyl chloride (30.8 g,j 0,26 mole) was added 
dropwise to a cooled solution of 2-phenylthio ethanol (3 0 .8 g . 1 
0 , 2  mole) in pyridine (17.4 g.j 0,22 mole). The mixture was 
then poured into ice water and allowed to stand for 15 min.
The oily residue was extracted with ether and distilled in 
vacuo yielding 2-phenylthlochloroethane, b.p. 126-8°/ 15 mm. » 
yield 32 g. (94#).
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2-Phenylthiochloroethane (17.2 g. ) 0,12 mole) was 
refluxed for 12 hours with potassium hydroxide (6.7 g. J 0.12 
mole) in JO ml, absolute ethyl alcohol. The solution was 
filtered and concentrated) the residue was taken up in water 
and extracted with ether. The extract was evaporated and 
the residue distilled in vacuo yielding 1 1 . 5 g (8*$) vinyl 
phenyl sulfide b.p. 9 ^ ° /2 5 mb*
Preparation of endo and exo-Dehydronorbornyl Phenyl
Sulfide.11?
Vinyl phenyl sulfide (10 g.; 0,073 mole) and nor- 
bornadiene (6.7 g. » 0 .0 7 3 mole) were placed in a heavy 
walled glass ampuole and sealed under argon. The reaction 
mixture was heated in an oil bath at 165° for 12 hours.
The mixture was distilled under vacuum yielding a mixture of 
endo- and exo-dehydronorbornyl phenyl sulfide (1 3 . 1 g.)
89#). G.l.p.c. (carbowax 20M; \  in. by 6 ft.) showed the 
mixture to be 80$ endo and 20$ exo. on the assumption that 
a Diels Alder reaction goes predominantly endo. An n.m.r. 
study of the vinyl region confirmed this. The unsymmetrical 
triplet indicative of the endo isomer was determined to be 
80$ of the product by comparison to the smaller amount of 
the exo isomer 20$ which appears generally as an octet. 
Method employed was similar to that of Warner.35 In this 
instance because of the mixture the more abundant endo 
isomer partially masks out the exo isomer. The pure endo 
and exo•isomers could not be obtained etther by preparative
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g.l.p.c. or column chromatography (silica gel or alumina, 
with or without silver nitrate coating, using several 
organic solvents - ether, chloroform, benzene and methanol).
on
5. Preparation of 3-Dlchloromethvlene Nortrlcyclene. u
Chloroform~(119 g. 5 1 mole) norbornadlene (23 g.»
0 . 2 5  mole) and benzoyl peroxide (6 .8 g.* 0,028 mole) in 
chlorobenzene (28 g. ; O . 2 5 mole) were brought into reaction 
at 80° for 7.5 hours. The unreacted chloroform and chloro­
benzene were removed by vacuum distillation. Hexachloro- 
ethane was sublimed from the reaction mixture. Distillation 
gave 3-trlchloromethyl nortrlcyclene (32 g. i 0 . 1 5 mole. 60% 
yield; b.p. 6l-64°/l mm.). The product was contaminated 
with approximately 15% of 3-dichloromethylene nortrlcyclene.
Treatment of 3-trlchloromethyl nortrlcyclene and
3-dichloromethylene nortrlcyclene (approx. 37 g.» 0 . 1 7  mole) 
with potassium hydroxide (9 . 8  g.; 0 . 1 7 mole) in 65 ml. 
absolute ethanol under reflux for 2 . 5  hours yielded an 
abundant white precipitate of potassium chloride. Distil­
lation after filtration gave 3-d-ichloromethylene nortrl­
cyclene (12.4 g. ; 40$; b.p. 72.5-74°A mm.). G.l.p.c. 
(carbowax 2 0Mj i in. by 6 ft.) Indicated greater than 99% 
purity.
6 . Characterization of Product of Photolysis of Carbon 
Tetrachloride and Bromotrlchloromethane with the Tin Mixture.
The product mixture obtained was subjected to 
dehydrohalogenation conditions identical to those presented
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above. Upon vacuum distillation, the products in each case 
were identical with an authentic sample of 3-dichloro­
methylene nortrlcyclene as shown by g.l.p.c. (carbowax 20M? 
i in. by 6 ft.) and infra red spectral data.
7. Preparation of Nortricyclyl Phenyl Sulfone.
The reaction mixture from the photolysis of thlo- 
phenol and the isomer mixture was first analyzed for the 
unreacted isomers.
The remaining solution was treated with 5 nil. dry 
acetic acid and 1.7 ml. 30$ hydrogen peroxide, was heated on 
a steam bath for 30 minutes and then allowed to stand at 
room temperature for about 36 hours. Addition of ice and 
water precipitated a milky oil which later crystallized.
The crystals were filtered and washed with 50 ml. of cold 
water. One recrystallization from petroleum ether gave 
white crystals m.p. 79-80°. Amounts varied depending upon 
initial amounts of tin mixture and thlophenol used. As 
shown by Crlstol,^ the I.R. spectrum showed strong peaks 
at 3070 and SOOcm-"^, Yields (Table IV ) were based on sul­
fone isolated in this experiment,
8. Preparation of Hexamethyldltln-^^
Sodium (2,3 g.? 0,1 mole) was added to trlmethyltin 
chloride (19.8 g . > 0.1 mole) in 300 ml. liquid ammonia in 
an argon atmosphere. Reaction occurred rapidly as shown by 
the formation of a white precipitate of hexamethylditln and
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the disappearance of the blue color due to sodium. After 
addition of an equivalent of sodium, the ammonia was 
evaporated and warm water was added to dissolve the inorganic 
salt present. The hexamethylditin, which melts at 23° 
separated as a heavy oily liquid. After repeated washing, 
the water mixture was transferred to a separatory funnel and 
the hexamethylditin was filtered through anhydrous magnesium 
sulfate. The dltin, b.p. 8 5 - 8 8 ° / , mm., was obtained in 
80$ yield (13 g.).
9. Preparation of Diphenyl Disulfide.
A 100 ml, three-necked flask was fitted with a mag­
netic stirring bar and water condenser. The flask was 
cooled in ice, thlophenol (11 g.; 0 , 1  mole) and 40 ml. of 
15$ sodium hydroxide was added and the mixture was stirred. 
When all the mercaptan had reacted, iodine (12,7 g.j 0.05 
mole) was added gradually, with constant stirring, during 
about two hours by momentarily removing the stopper from 
the third neck of the flask and replacing it immediately 
after the iodine has been introduced. After each addition 
the iodine gradually disappeared and an oily layer formed on 
the surface of the liquid. The solution was stirred for an 
additional 2 . 5  hours and then allowed to stand for 2 hours. 
The mixture was transferred to a separatory funnel and the 
upper layer was removed. The aqueous layer was extracted 
with ether. The ethereal extract was combined with the 
upper layer and washed with one third of its volume of 15$
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sodium hydrozlde solution and then twice with water. It was 
partially dried with anhydrous calcium chloride and the ether 
was removed on a water "bath. The resulting colorless liquid 
usually had a slight odor of mercaptan. It was washed three 
times with one-third of its volume of 5$ sodium hydroxide 
solution, followed by water until free from alkali, and then 
dried over anhydrous magnesium sulfate. The solution was 
filtered and the resulting oil crystallized on standing.
Two crystallizations from petroleum ether gave 17.^ g, (80$) 
white needles, m.p. 60-61° (lit, m.p. 6l.5° ) . ^ ^
10. Identification of Hexamethylditin.
The product of reaction of the isomer mixture and
diphenyl disulfide was subjected to preparative g.l.p.c. 
(silicon gum rubber; \  in. by 20 ft.). An inert atmosphere 
was maintained as best as possible. The hexamethylditin was 
collected. It was characterized by comparison with an 
authentic sample by g.l.p.c. (silicon gum rubber; \  in. by 
6 ft.) mixed melting point (23°) and I.R. spectrum.
V. Electrophllic Displacements
1. Lack of Cleavage of Saturated Tin Analogs.
Two mmoles (0,53 g«) saturated tin mixture was placed 
In a 50 ml. round bottom flask containing a magnetic stirring
bar and 10 ml, of dry pentane, -The flask was fitted with an
addition funnel which contained 2 mmoles (0 . 2 3 g.) tri- 
fluoroacetic acid in 5 ml. dry pentane. The acid solution
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was added dropwise with constant stirring at room temperature, 
maintaining an argon atmosphere. Upon complete addition the 
reaction mixture was stirred for an additional hour. The 
contents was washed with 100 ml, distilled water. The solu­
tion was extracted with 50 nil* dry pentane. The pentane 
was removed by distillation and the remaining solution was 
subjected to g.l.p.c, (1 , 2 , 3 trls-2-cyanoethoxy propanej 
\  in, by 15 ft.) using m-xylene as an internal standard.
Only unreacted starting materials were observed. Thus, no 
reaction occurred.
Reactions were attempted using other electrophiles 
(Br2/MeOH, HClO^/pentane, Cr03/H0Ac, HgC12/acetone). No 
reaction occurred in any case. Undoubtedly the tin-carbon 
bond would cleave if longer reaction times or more drastic 
conditions (increase in temperature) were employed. However, 
under the conditions used, no reaction occurred.
2. Trlfluoroacetlc Acid Cleavage of Isomer Mixture in 
Pentane.
Two mmoles (0.5 g.) isomer mixture was placed in a 
50 ml. round bottom flask containing a magnetic stirring 
bar and 10 ml, of dry pentane. The flask was fitted with an 
addition funnel which contained 2 mmoles (O. 2 3 g.) trifluoro 
acetic acid in 5 ml. dry pentane. The acid solution was 
added dropwise with constant stirring at room temperature, 
maintaining an argon atmosphere. Evidence of reaction was 
was Indicated by refluxing of the solvent. Upon complete 
addition the contents of the flask were washed with 100 ml.
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distilled water. The organic layer was dried over magnesium 
sulfate, filtered and subjected to g.l.p.c. using m-xylene 
as an internal standard and the amounts of (1) norbornene 
and nortrlcyclene and (2) unreacted starting material were 
determined using a (1) diisodecylphthalate (£ in. by 6 ft.) 
and then (2) a 1, 2, 3 tris-2-cyanoethoxy propane column 
(i in. by 15 ft.) respectively. Infrared spectra of the 
products were superlmposable on spectra of authentic samples.
This reaction sequence was also carried out for 
molar ratios of isomer mixture/acid of 1 j.75. Is.5 and 1:,25.
3. Perchloric Acid Cleavage of Isomer Mixture in Methanol.
Two mmoles (0.5 6.) isomer mixture was placed in a 
50 ml, round bottom flask containing a stirring bar and 
10 ml. methanol. The flask was fitted with an addition 
funnel which contained 2 mmoles (0,2 g.) perchloric acid 
in 5 ml. methanol, The acid solution was added dropwise 
with constant stirring at room temperature, maintaining 
an argon atmosphere. Upon complete addition, the contents 
. was treated with 100 ml, distilled water and subsequently 
extracted with 100 ml, dry pentane. The pentane was 
dried over magnesium sulfate, filtered and removed by 
distillation and the remaining organic layer was subjected 
to g.l.p.c, using m-xylene as an Internal standard and 
the amounts of (1) norbornene and nortrlcyclene and 
(2) unreacted starting material were determined using a 
(1) diisodecylphthalate (| in. by 6 ft.) and then (2) a
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1, 2, 3 trls-2-cyanoethoxy propane column (| in. by 15 ft.) 
respectively. Infrared spectra of the products were iden­
tical with the spectra of authentic samples.
This reaction was also carried out for molar ratios 
of isomer mixture/HClO^, of 1:,75» 1*»5 and- Is.25.
*!-. Perchloric Acid Cleavage of Isomer Mixture in Acetic Acid.
Two mmoles (0.5 g.) Isomer mixture was placed in a 
50 ml, round bottom flask containing a stirring bar and 5 ml. 
glacial acetic acid. The flask was fitted with an addition 
funnel which contained 2 mmoles (0.2 g.) perchloric acid in 
5 ml. glacial acetic acid. The acid solution was added 
dropwise with constant stirring at room temperature, under 
argon. Upon complete addition the contents was neutralized 
with dilute sodium hydroxide solution. The aqueous solution 
was extracted with two 50 ml. portions of dry pentane. The 
pentane was dried over magnesium sulfate, filtered and 
removed by distillation and the remaining solution subjected 
to g.l.p.c. (diisodecylphthalate} \  in, by 6 ft.) using 
m-xylene as an internal standard, which revealed the presence 
of several products. Results were similar to those obtained 
for the cleavage of the Isomer mixture with trifluoroacetic 
acid in glacial acetic acid. Molar ratios of isomer mixture/ 
perchloric acid of Is,75* 5 and Is.25 were also used,
The solvent entered the reaction producing several compounds 
which were not identified.
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5. Trlfluoroacetlc Acid Cleavage of Isomer Mixture In 
Acetic Acid.
Two mmoles (0.5 g, ) Isomer mixture was placed in 
a 50 ml. round bottom flask containing a magnetic stirring 
bar and 5 ml. glacial acetic acid. The flask was fitted 
with an addition funnel which contained 2 mmoles (0 . 2 3 g.) 
trifluoroacetlc acid in 5 ml« glacial acetic acid. The 
acid solution was added dropwise with constant stirring at 
room temperature under an argon atmosphere. Upon complete 
addition the contents were neutralized with dilute sodium 
hydroxide solution. The ether layer was dried over magne­
sium sulfate, filtered and was removed by distillation.
The remaining solution was subjected to g.l.p.c, (diisodecyl­
phthalate; i in. by 6 ft.) using m-xylene as an internal 
standard and a variety of products were produced as indicated 
by the chromatogram, This reaction was also carried out for 
molar ratios of isomer mixture/acid of 1:.75» 1*»5 
Is.2 5 . The solvent entered into the reaction as was shown 
by the presence of norbornyl acetate (I.R.) as one of the 
products. The other products were not identified and the 
reaction was not examined further.
6. Hydrochloric Acid Cleavage in Methanol.
Two mmoles (0.5 g.) isomer mixture was placed in a 
50 ml. round bottom flask containing a stirring bar and 5 
anhydrous methanol. The flask was fitted with an addition fbnnel
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which contained 2 mmoles (0.08 g.) hydrochloric acid in 5 ml, 
anhydrous methanol. The acid solution was added dropwise 
with constant stirring at room temperature, maintaining an 
argon atmosphere. Upon complete addition, the contents were 
heated to 65° for 36 hours. The reaction mixture was 
neutralized with dilute sodium hydroxide solution. The 
aqueous solution was extracted with two 50 ml, portions of 
dry pentane. The pentane was dried over magnesium sulfate, 
filtered and removed by distillation and the remaining solu- 
tion subjected to g.l.p.c. using m-xylene as an internal 
standard. The amounts of (1) norbornene and nortrlcyclene 
and (2) unreacted starting material were determined using a 
(1) diisodecylphthalate (£ in. by 6 ft.) and then (2) a 
1, 2, 3 tris-2-cyanoethoxy propane column (i in. by 15 ft.) 
respectively. No hydrocarbon products were found. Only 
unreacted starting material was recovered.
7. Bromine Cleavage in Methanol.
Two mmoles (0.5 g.) isomer mixture was placed in a 
50 ml, round bottom flask containing a stirring bar and 10 ml. 
anhydrous methanol. The flask was fitted with an addition 
funnel which contained 2 mmoles (0 . 3 2 g.) bromine in 5 ml. 
anhydrous methanol. The bromine solution was added dropwise 
with constant stirring at room temperature, maintaining an 
argon atmosphere. Upon complete addition and subsequent 
discharge of the bromine color, the contents were treated with 
100 ml. distilled water and extracted with two 50 ml* portions
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of pentane. The pentane was dried, over magnesium sulfate, 
filtered and the pentane and methanol were removed by distil­
lation and the remaining solution subjected to g.l.p.c 
using m-xylene as an internal standard. The amounts of (1) 
norbornenyl and nortricyclyl bromides and (2) unreacted 
starting material were determined using (1) a diethylene 
glycol succinate (i in. by 6 ft.) and then (2) a 1, 2, 3 
tris-2-cyanoethoxy propane column (i in. by 15 ft.) respec­
tively. Authentic norbornenyl and nortricyclyl bromides 
were prepared according to the procedure of Schmerling1^  
and used for comparison. Retention times were identical in 
the g.l.p.c, for each of the isomers compared to the mixture 
of reaction products, I.E. indicated characteristic norbor­
nenyl peaks around 3010 and 1570cm”-*- for unsaturated isomers 
and for the nortricyclyl derivative 3070 and 800cm“^. I.R, 
spectra were identical with those of authentic samples.
The reaction was carried out at molar ratios of 
isomer mixture/Br2 of 1:.75> a^d 1:.25.
8. Iodine Cleavage in Ether.
Two mmoles (0,5 g.) isomer mixture was placed in a 
50 ml, round bottom flask containing a stirring bar and 10 ml. 
anhydrous ether. The flask was fitted with an addition 
funnel which contained 2,0 mmole (0.4-7 g«) iodine in 5 
anhydrous ether. The iodine solution was added dropwise 
with constant stirring at room temperature, maintaining an
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argon atmosphere. The entire reaction vessel was covered with 
aluminum foil so as to prevent any free radical side reaction 
from occurring. Upon complete addition, the iodine color 
disappeared. Several milliliters of solvent wereremoved 
from the mixture and the reaction mixture was subjected to 
g.l.p.c. using m-xylene as an internal standard, Carbowax 
20M (£ in. by 6 ft.) and a 1, 2, 3 tris-2-cyanoethoxy pro­
pane column (| in. by 15 ft.) were used to analyze products 
(iodo compounds) and reactants (starting tin compounds) res­
pectively.
Two product peaks were produced and collected by 
g.l.p.c. (carbowax 20M) in the pure state. Comparison of 
the peak having the longer retention time with trlmethyl- 
tin iodide by I.R. and g.l.p.c. showed the two substances 
to be identical.
The other peak was isolated using preparative 
g.l.p.c. (carbowax 20M) and the I.R. indicated the presence 
of the nortricyclyl skeleton (3070cm~l and 800cm"-*-).
Anal. Calcd, for Cr>HgI:C, 38.20? H, ^.09. Found:
C, 38.05; H, 3.98.
The reaction was also carried out for molar ratios 
of isomer mixture/12 of 1:,75. 1*«5 and 1:,25. The only 
product obtained was nortricyclyl iodide. No unsaturated 
product was present, as evidenced by the I.R. spectrum.
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9. Cleavage with Chlorine.
Two mmoles (0.5 g.) isomer mixture was placed in a 
50 ml. three necked round bottom flask containing a stirring 
bar and 5 ml. methanol. Two of the outlets were stoppered 
and the third was left open and fitted with a gas inlet tube 
connected to a flask containing two mmoles (0,14 g.) con­
densed chlorine. The reaction contents were stirred and the 
chlorine was allowed to pass over into the reaction flask 
as the chlorine reached room temperature. An argon atmos­
phere was maintained throughout. The reaction mixture was 
stirred for two hours at room temperature. The methanol was 
removed by distillation. The remaining solution was sub­
jected to g.l.p.c. (dlethylene glycol succinate; i in. by 
6 ft.) using m-xylene as internal standard. Two product 
peaks were found. The product having the higher retention 
time was trlmethyltin chloride as shown by I.R, and g.l.p.c, 
comparison with an authentic sample. The product at lower 
retention time was found to be nortricyclyl chloride by I.R. 
and g.l.p.c. comparison with an authentic sample^^The infra­
red spectrum showed the characteristic nortricyclyl peaks at 
3070cm“l and 800cm*--*-. No unsaturation was found.
Molar ratios of isomer mlxture/Cl2 of 1:,75» If.50 
and 1 : , 2 5  were also used.
10. Cleavage with 2.4-Dinltrobenzenesulfenyl Chloride.
Two mmoles (0.05 g.) isomer mixture was placed in a 
50 ml. round bottom flask containing a magnetic stirring 
bar and 15 ml. anhydrous methanol. Two mmoles (0.46 g.)
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2 ,4-dinitrobenzenesulfenyl chloride was added and the mixture 
was stirred and heated at reflux for eight hours and main­
tained in an argon atmosphere. The solution was allowed to 
stand overnight. The nortricyclyl sulfur derivative pre­
cipitated out and was filtered from the methanol solution. 
Additional nortricyclyl sulfur product was obtained by 
removing two-thirds of the methanol by distillation. The 
product was in the form of shiny yellow needles, m.p. 1^3- 
1UU° (literature m.p. 1^3-1^°).68 I.R. had nortricyclyl 
peaks (3070cm-1 and SOOcnT1), Unreacted starting materials 
(isomer mixture) were determined quantitatively using m-xylene 
as a standard and a 1, 2, 3-tris-2-cyanoethoxy propane 
g.l.p.c. column.
The reaction was carried out for Isomer mixture/ 
sulfenyl chloride ratios of It.75. 1**5 and Is.2 5 .
11. Mercuric Chloride Cleavage in Acetone.
Procedure used here was similar to that used by 
Matteson.11
Two mmoles (0.5 g.) isomer mixture was placed in a 
50 ml. round bottom flask containing a stirring bar and 10 ml. 
acetone. The flask was fitted with an addition funnel which 
contained 2 mmoles (0 . 5 1  g.) mercuric chloride in 5 ml, 
acetone. The chloride solution was added dropwise with con­
stant stirring at room temperature. As the chloride was 
added, the solution turned cloudy. Upon complete addition 
(15 minutes) the solution returned to its original clear
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state. The reaction mixture was subjected to distillation 
and the solvent removed to about one-third of its original 
volume. The reaction mixture was cooled in an ice bath and 
a white solid precipitated. Recrystallization of the solid
from an 85$ acetone-water solution afforded a white solid
68
having a melting point of 144-145° (lit m.p. 144-146°).
An I.R. spectrum of the solid material had characteristic 
nortricyclyl peaks (3070cm’" ^ and 800cm~l),
Trimethyltln chloride was the other product of this 
reaction as determined by I.R. and melting point (38°) com­
parison with an authentic sample.
Unreacted starting material was determined by 
g.l.p.c. using m-xylene as an internal standard on a 1, 2,
3 tris-2-cyanoethoxy propane column (i in. by 15 ft.).
This reaction was carried out for molar ratios of 
isomer mixture/HgCl2 of 1j.75> 1*.50 and 1:.25.
12. Copper (II) Chloride Cleavage in Methanol.
Two mmoles (0.5 g.) isomer mixture dissolved in 
10 ml. anhydrous methanol was placed in a 50 ml, three 
necked round bottom flask, equipped with magnetic stirring 
bar, addition funnel and an argon atmosphere. Two mmoles 
(0.19 g.) copper (II) chloride dissolved in 5 ml. anhydrous 
methanol was added dropwlse. Upon complete addition, the 
reaction solution was clear. After 15 minutes the reaction 
mixture turned cloudy, indicating an induction period. The 
reaction flask warmed up and the reaction was slightly exo­
thermic. The reaction was stopped after two hours, after
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which time a white inorganic precipitate was formed which 
was copper (I) chloride. A gas chromatogram (diethylene 
glycol succinate) of the liquid phase using m-xylene as in­
ternal standard showed the presence of nortricyclyl chloride 
and trlmethyltin chloride as shown by comparison to authentic 
samples. The nortricyclyl chloride was prepared by the 
method of H a n a c k . - ^ 3  The infrared spectra of the isolated 
product and authentic sample (nortricyclyl chloride) were 
identical (3070cm*"and 800cm"l). No unsaturation was 
present, The trlmethyltin chloride product was isolated and 
compared identically to an authentic sample (I.R. and 
g.l.p.c,).
The unreacted starting materials were determined 
quantitatively using a 1, 2, 3 tris-2-cyanoethoxy propane 
(f in, by 15 ft.) g.l.p.c. column and m-xylene as an inter­
nal standard. The reaction was also run on Isomer mixture/ 
copper (II) chloride molar ratios of Is.5, 1:.1.5 and Is2.0,
13. Nltrosyl Chloride Cleavage in Chloroform.
Four mmoles (1 g.) Isomer mixture was placed in a 
50 ml. three necked round bottom flask containing a stirring 
bar and 10 ml. anhydrous chloroform. Two of the outlets 
were stoppered and the third was fitted with a gas inlet 
tube connected to a 25 ml. round bottom flask containing 
four mmoles (0.26 g.) nltrosyl chloride, which had been con­
densed, using a dry ice acetone mixture, and rapidly weighed. 
The reaction mixture was stirred and the nltrosyl chloride 
was allowed to pass over into the reaction flask as the
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nltrosyl chloride approached room temperature. A very slow 
flow rate of argon Is maintained throughout. The mixture 
turned a sparkling "blue color and upon complete addition the 
solution turned green. The chloroform was removed by dis­
tillation. The remaining solution contained a finely 
divided white precipitate. The solid was identified as 
trlmethyltin chloride by I.R. and g.l.p.c. (carbowax 20M;
^ in. by 6 ft.) comparison to an authentic sample. The 
solution was subjected to preparative g.l.p.c. using a 
carbowax 20M (^ in. by 6 ft.) column and the product was 
isolated. An I.R. spectrum indicated the presence of a nor­
tricyclyl skeleton (3080cm"1 and 800cm"-*-) and an oxime 
(1680 and 3300cm**1 ). The oxime was easily hydrolyzed to 
nortricyclanone by the presence of even small traces of water. 
The product of the reaction was initially the oxime but the 
quantitative determination of the product was based on nor­
tricyclanone using g.l.p.c. (carbowax 20M? \  in. by 6 ft.).
The nortricyclanone was prepared independently using the 
method of Meinwald, 92 An I.R. spectrum of the nortricycla­
none from the cleavage reaction and independent synthesis 
were identical (3070 and 800cm"^, nortricyclyl structure? 
1770cm"1 strained carbonyl function). Quantitative results 
were obtained using m-xylene as internal standard. Unreacted 
starting materials were analyzed on a 1, 2, 3 trls-2-cyano- 
ethoxy propane.column.
The reaction was also run on a isomer mixture/NOCl 
molar ratio of Is.75, Is,50 and 1:.2 5 .
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14. Gold Chloride Cleavage.
Two mmoles (0,5 g.) isomer mixture was dissolved, in 
5 ml, anhydrous ether and placed in a 50 three necked 
round bottom flask equipped with a magnetic stirrer, an 
addition funnel and an argon atmosphere. One mmole (0.15 g. ) 
gold chloride was dissolved in 5 ml. anhydrous ether and 
added dropwiso to a constantly stirred solution of the isomer 
mixture. The initial drop of the gold chloride ether solu­
tion on impact with the isomer mixture gave a deep purple 
color, As the gold chloride was added the solution became 
purple in color, Upon complete addition and approximately 
one-half hour later the solution turned colorless with a 
finely deposited gold film around the bottom of the flask.
The reaction mixture was distilled with removal of the ether 
solvent. The remaining solution was subjected to g.l.p.c, 
(diethylene glycol succinate, 3 in, by 6 ft.) using in-xylene 
as internal standard, and showed the presence of a mixture 
of nortricyclyl, endo and exo norbornenyl chlorides as com­
pared to authentic samples prepared by the method of Hanack.^-^3 
Characteristic nortricyclyl (3070cm“4 and 800cm"-M and nor­
bornenyl (3010cm"-1- and 1570cm"-1-) bands were found and the 
spectra proved to be identical to those of authentic samples. 
The composition of the unreacted isomer mixture was deter­
mined by a 1, 2, 3 tris-2-cyanoethoxy propane column (| in. 
by 15 ft,) using m-xylene as internal standard.
The reaction was also run on isomer mixture/gold 
chloride molar ratios of l:,l45, 1:.35 and l:,6o.
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15. Sliver Nitrate Cleavage In Methanol,
Two mmoles (0.5 &) isomer mixture was placed in a 
50 ml. round bottom flask, containing a stirring bar and 
10 ml, anhydrous methanol. The flask was fitted with an 
addition funnel which contained 1 mmole (0,17 g.) silver 
nitrate in 5 nil, anhydrous methanol. The nitrate solution 
was added dropwise with constant stirring at room tempera­
ture. After several drops were added a yellow-orange gas 
was evolved and continued to do so until addition was com­
plete, Simultaneously as the gas was evolved a silver 
mirror was formed on the bottom of the flask. The gas was 
collected and placed in a gas cell and analyzed on an infra­
cord. It had peaks characteristic of NO2 , which has been 
reported by Snyder®^ (1735» 1255> 745 and 440cm“^), The 
gas had a strong odor.
The reaction mixture was carefully distilled and the 
methanol removed. The remaining solution was subjected to 
g.l.p.c. using m-xylene as an internal standard and only one 
peak was obtained. Preparative g.l.p.c. on a carbowax 20M 
(i in. by 6 ft.) column afforded a compound which had un­
saturation ( 3 0 1 0 c m “ l and 1540cm”^) and also a highly 
strained ring ketonic function (1740cm”'-’-). The product was 
characterized as norbornene as shown by the identity of its 
infrared spectra and retention time (carbowax 20M) with those 
of an authentic sample doublet at 1710 and 1715cm”-’- for 
C = 0 function.
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The unreacted starting material was analyzed by 
g.l.p.c. on a 1, 2, 3 trls-2-cyanoethoxy column (| in. by 
15 ft.) using m-xylene as an internal standard. The reac­
tion was also run on molar ratios of isomer mixture/silver 
nitrate of Is.25, Is.75 and 1:1. Infrared analysis of the 
tin by-product showed the presence of trlmethyltin hydroxide 
as compared to an authentic sample. However, it is not 
believed that this is the actual product but rather a 
hydrolysis product of the original compound. Trimethyl 
methoxy tin is believed to be the product, but is readily 
hydrolyzed to the alcohol by the moisture.
16. Chromic Oxide Cleavage in Glacial Acetic Acid.
Two mmoles (0.5 g.) isomer mixture was placed in a 
50 ml, round bottom flask, containing a stirring bar, 5 ml* 
glacial acetic acid and an argon atmosphere. The flask was 
fitted with an addition funnel which contained 1.5 mmoles 
(0,15 g.) chromium trioxide In 5 ml. glacial acetic acid.
The chromium solution was added dropwise with constant 
stirring at room temperature. As the chromium solution was 
added, the reaction mixture turned yellow-orange. Upon 
complete addition of chromium trioxide in two hours, the solu­
tion turned a bright green color. The reaction contents was 
then neutralized with dilute sodium hydroxide solution and 
extracted with two 50 ml, portions of anhydrous ether. The 
ether was removed by distillation. The resulting liquid was 
subjected to g.l.p.c. (carbowax 20M, £ in. by 6 ft.) and one
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product peak was obtained. The single product was collected 
by preparative g.l.p.c. and the I.R. spectrum indicated a 
nortricyclyl derivative containing a strained ketonic func­
tion (3070, 800 and 1740cm"1 ). Independent synthesis for 
the preparation of nortricyclanone by the method of 
M e i n w a l d ^  showed the two compounds had identical I.R. 
spectra. The solution was also subjected to g.l.p.c. using 
a 1, 2, 3 trls-2-cyanoethoxy propane column in. by 15 ft.) 
to determine the amount of unreacted starting material. 
Quantitative data was obtained using m-xylene as internal 
standard.
The reaction was also carried out for molar ratios of 
isomer mixture/Cr03 of 1:1, 1:,5 a^d I 1.2 5 .
17. m-Chloroperoxybenzolc Acid Cleavage in Methylene Chloride.
Two mmoles (0,5 g.) isomer mixture was placed in a 
50 ml. round bottom flask, containing a stirring bar and 
10 ml. methylene chloride. The flask was fitted with an 
addition funnel which contained 1.5 mmoles (0,26 g.) m-chloro 
peroxybenzoic acid in 5 ml. methylene chloride. The acid 
solution was added dropwlse with constant stirring at room 
temperature, maintaining an argon atmosphere. The reaction 
was terminated after two hours. The methylene chloride was 
removed by distillation. The remaining solution was sub­
jected to g.l.p.c. (carbowax 20M, \  in. by 6 ft.) using 
m-xylene as internal standard and two product peaks were ob­
served. Careful collection of the peaks on the gas chroma­
tograph and infrared spectra showed the compounds were quite
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similar with only small deviations in the 3500■ 3010 and 
1540cm- 1 region. The endo and exo dehydronorbornyl alcohols 
were prepared separately by the procedure of Davis and 
Van Auken.12^ The infrared spectra were identical with the 
products.
Quantitative determination of the amounts of un­
reacted Isomers was determined by g.l.p.c. using 1 , 2 , 3 - 
tris-2-cyanoethoxy propane (i in. by 15 ft.) and m-xylene 
as an internal standard. The reaction was also run on molar 
ratios of isomer mixture/m-chloroperoxybenzolc acid of 1 :1 ,
1:.5 and 1:.25.
18. Pyrldlnlum Bromide Perbromlde Cleavage in Methanol.
Pyridinlum bromide perbromlde was prepared by the 
method of Fieser.12^
Two mmoles (0.5 g.) of the isomer mixture was placed 
in a three-necked round bottom flask containing a stirring 
bar and 10 ml. anhydrous methanol. The perbromlde (2 mmolej
0 . 6  g.) in 5 ml* of anhydrous methanol was added dropwise 
with constant stirring at room temperature, maintaining an 
argon atmosphere. The reaction was complete upon loss of 
the reddish bromine color in about one hour. The methanol 
was removed by distillation and the remaining solution was 
subjected to g.l.p.c. (diethylene glycol succinatej i in. by 
6 ft.) using m-xylene as an internal standard. The only 
product found was nortricyclyl bromide. I.R. and g.l.p.c. 
retention time was the same as for an authentic sample
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prepared by method of Schmerling,?3 The I.R. showed the 
characteristic nortricyclyl peaks (3080 and 800cm”-1-), 
Trlmethyltin bromide was obtained as the tin by-product 
together with pyridinium bromide. Each of these was identical 
to an authentic sample by melting point comparison.
The unreacted tin isomers were determined quantita­
tively using g.l.p.c. (1, 2, 3 tris-2-cyanoethoxy propane;
{ in, by 15 ft.) and m-xylene as an internal standard, The 
reaction was also carried out on the isomer mixture/per- 
bromide ratios of 1:.75» Is. 5 and Is. 25.
19. Attempted. Cleavage of Isomer Mixture with Acetyl 
Chloride.
Two mmoles (0.5 g. ) isomer mixtxxre was placed in a 
50 ml, round bottom flask, containing a stirring bar. The 
flask was fitted with an addition funnel which contained.
2 mmoles (0,23 S») acetyl chloride, The acetyl chloride was 
added dropwise with constant stirring at room temperature 
maintaining an argon atmosphere, Upon complete addition 
the reaction mixture was stirred for one day. Periodically 
samples (aliquots) were removed from the reaction flask and 
quenched, with water and extracted with ether, G.l.p.c, 
(carbowax 20M; \ in, by 6 ft.) of the ethereal solution 
showed no product peaks were present.
Different reaction conditions were employed!
(1) heat 50° for 3 hours; (2) ether solvent at room tempera­
ture and also at 35°» and (3) neat, ZnClg catalyst (.01 g,), 
Only in the latter case was a reaction produced and this
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 5 1
occurred rapidly. After quenching with water and extraction 
with ether, a g.l.p.c. (carbowax 20M;  ^ in. by 6 ft.) of the 
ether extract showed a large number of product peaks were 
present. Apparently ZnCl2 is a strong electrophile (Lewis 
acid) in itself which causes cleavage and other side 
reactions.
20. Attempted Cleavage of Isomer Mixture with Acetyl Bromide.
Two mmoles (0.5 g.) isomer mixture was placed in a 
50 ml. round bottom flask, containing a stirring bar. The 
flask was fitted with an addition funnel which contained 
2 mmoles (0.25 g.) acetyl bromide. The acetyl bromide was 
added dropwise with constant stirring at room temperature 
maintaining an argon atmosphere. Upon complete addition the 
reaction mixture was stirred for one day. Periodically 
aliquots were removed from the reaction flask and quenched 
with water and extracted with a small amount of ether.
G.l.p.c. (carbowax 20M> i in. by 6 ft.) of the ethereal solu­
tion showed no product peaks were present.
Other reaction conditions were employed: (1) heat, 
80-85° for 3 hours (neat), (2) pyridine, room temperature, 
and (3) pyridine, reflux temperature. No reaction was 
observed in any case.
21. Attempted Cleavage of Isomer Mixture with Cyanogen 
Bromide. ‘
Two mmoles (0.5 g#) isomer mixture was placed in a 
50 ml. round bottom flask, containing a stirring bar ancT 
5 ml. anhydrous ether. The flask was fitted with an addition
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funnel which contained 2 mmoles (0.21 g.) cyanogen bromide in 
5 ml. anhydrous ether. The cyanogen bromide solution was 
added dropwise with constant stirring at room temperature, 
maintaining an argon atmosphere. Upon complete addition the 
reaction mixture was stirred for one day. The mixture was 
quenched with 20 ml, water and extracted with 50 ml, anhydrous 
ether. The ethereal solution was dried over anhydrous mag­
nesium sulfate and the ether was removed by distillation. The 
remaining solution was subjected to g.l.p.c, (carbowax 20Mj 
i in. by 6 ft.). No product peaks were obtained.
Other reaction conditions employed were: (1) methanol, 
room temperature, and (2) methanol, reflux temperature. In 
either case, no products were obtained.
22. Attempted Cleavage of Isomer Mixture with Cerium Oxide.
Two mmoles (0,5 g.) isomer mixture was placed in a 
50 ml, round bottom flask, containing a stirring bar and 
5 ml. anhydrous methanol. The flask was fitted with an addi­
tion funnel which contained 2 mmoles (0.3^ g.) cerium oxide 
in 10 ml. 2 M HC1, The cerium oxide did not dissolve. The 
cerium solution was added and the mixture was stirred for 
several hours, After this time it was difficult to determine 
whether a reaction had taken place since the cerium oxide was 
not soluble initially. A fluffy white precipitate adhered to 
the side of the reaction vessel, which was cerium oxide.
Another attempt was made to dissolve cerium oxide 
in dilute sulfuric acid. This was unsuccessful. The problem 
turns out to be one of solubility. A suitable reagent is
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necessary to dissolve the cerium oxide and yet not cleave 
the carbon-tin bond itself.
23. Attempted Cleavage of Isomer Mixture with Methane 
Sulfonyl Chloride.
Two mmoles (0.5 g.) isomer mixture was placed in a 
50 ml. round bottom flask, containing a stirring bar and 
5 ml. anhydrous ether. The flask was fitted with an addi­
tion funnel which contained 2 ml. chlorox. The chlorox was 
added dropwise with constant stirring at room temperature, 
maintaining an argon atmosphere. Upon complete addition the 
reaction mixture was stirred for one day. The ether layer 
was separated from the aqueous layer and washed with water 
and dried over magnesium sulfate. The ether layer was 
removed by distillation and the remaining solution was sub­
jected to g.l.p.c. (carbowax 20Mj i in. by 6 ft.). No product 
peaks were obtained.
Similarly attempts were made using 10 ml. methanol, 
tetrahydrofuran and t-butyl alcohol respectively as solvents 
for the reaction. In each case no reaction occurred. Back­
ground material for procedures in this reaction was obtained 
from an article by Coleman.
Zk, Attempted Cleavage of Isomer Mixture with Mercuric 
Acetate.
The procedure was similar to that of Wlnstein.^^
Two mmoles (0.5 g.) isomer mixture was placed in a 
50 ml. round bottom flask, containing a stirring bar and 
5 ml, anhydrous methanol. The flask was fitted with an
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addition funnel which contained 2 mmoles (0,63 g*) mercuric 
acetate in 5 ml. methanol. The mercuric acetate was added 
dropwise at room temperature, maintaining an argon atmos­
phere, As the addition proceeded the solution turned cloudy. 
The reaction was stirred for several hours after addition 
was complete. The cloudiness never leaves the solution 
which is opposite to the observations with mercuric chloride. 
Upon removal of the solvent by distillation, a yellow 
viscous oily product resulted. Attempts to distill and 
recrystallize the oily product using common organic solvents 
(chloroform, benzene, methanol, acetone and ethanol) were 
unsuccessful.
25. Attempted Cleavage of Isomer Mixture by Palladium 
Chloride.
Two mmoles (0.5 g.) isomer mixture in 10 ml. anhydrous 
was placed in a 50 ml. three necked round bottom flask 
equipped with a stirring bar, and an addition funnel pos­
sessing a ground glass argon inlet apparatus to insure 
anhydrous conditions. One mmole (0.178 g.) palladium chloride 
in 5 ml, anhydrous ether was added dropwise over a period of 
15-20 minutes. No reaction took place at room temperature.
The reaction mixture was heated to reflux temperature for two 
hours, with the addition funnel replaced by a water cooled 
reflux condenser. No reaction had occurred as indicated by 
g.l.p.c. (diethylene glycol succinate? £ in. by 6 ft.)
Similarly, a reaction was attempted using acetone as 
solvent. Negative results were obtained.
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26. Attempted Cleavage of Isomer Mixture with Palladium 
Chloride In 50$ Acetic Acid,
Two mmoles (0.5 g*) isomer mixture In 10 ml. of a 
50$ acetic acid solution was placed In a 50 ml. three necked 
flask, equipped with a stirring bar, water cooled condenser 
and a paraffin oil bubbler attached to an argon system to 
ensure an inert atmosphere. One mmole (0,178 g.) palladium 
chloride was added to the reaction flask and the solution 
was stirred constantly as the temperature was increased to 
50° where it was maintained for two hours. After this time, 
a tarry black substance was obtained in the bottom of the 
flask. This tarry polymeric material was difficult to 
characterize. A g.l.p.c. (1, 2, 3 trls-2-cyanoethoxy propane 
in. by 15 ft, column with m-xylene internal standard) of 
the remaining solution after neutralization with dilute 
sodium hydroxide and extraction with ether showed that the 
endo (5$) and exo (20$) isomers reacted partially but no 
product peak could be found. The only product formed was 
the polymeric tarry substance in the bottom of the flask, 
which may have been a palladium chloride complex with the 
double bond in the isomer mixture. No trlmethyltin chloride 
was found.
27. Attempted Cleavage of Isomer Mixture with Boron Tri- 
fluoride Etherate.
Two mmoles (0.5 g.) isomer mixture dissolved in 5 ml* 
anhydrous ether was placed in a 50 ml* three necked round 
bottom flask equipped with a stirring bar, an addition funnel 
and maintained in an argon atmosphere. As the boron
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trifluoride was added, the reaction mixture gradually became 
dark reddish brown in color. After several hours, a g.l.p.c. 
(carbowax 20M; | in. by 6 ft.) was taken, indicating that 
approximately 1-2$ of the boron trifluoride reacted. After 
2k hours only 5$ of the boron trifluoride reacted yielding 
a dark red tarry product. Amounts were estimated using 
m-xylene as internal standard.
28. Attempted Cleavage of Isomer Mixture with Boron 
Trichloride.
Two mmoles (0,5 g.) isomer mixture was dissolved in 
5 ml. anhydrous ether and placed in a $0 ml, three necked 
round bottom flask, equipped with a stirring bar, an inert 
atmosphere, and an inlet for introduction of the boron 
trichloride (2 mmoles, 0 .2 2 5 g.) which was previously con­
densed in dry ice acetone, weighed quickly and allowed to 
pass into the flask as the boron trichloride approached 
room temperature. The ether refluxed upon addition of the 
boron trichloride with the isomer mixture. After approxi­
mately 6 hours the stirring was terminated and the solution 
subjected to g.l.p.c. (carbowax 20M; \  in. by 6 ft.). 
Approximately 5% reaction occurred. Even after 2k hours only 
7$ reaction occurred. Amounts were estimated using m-xylene 
as internal standard.
The boron trichloride undoubtedly complexed with the 
ether. A non-complexing solvent, benzene, was used. Nega­
tive results were obtained with only unreacted starting 
materials recovered.
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29. Attempted. Cleavage of Isomer Mixture with Thallium 
Acetate.
Two mmoles (0.5 g.) isomer mixture in 10 ml. anhydrous 
methanol was placed in a 50 ml. three necked round bottom 
flask equipped with magnetic stirring bar, a water cooled 
condenser, an addition funnel and an argon atmosphere. One 
mmole (0,26 g.) thallium acetate dissolved in 5 nil. anhydrous 
methanol was added dropwise with constant stirring. After 
complete addition, the methanol was removed by distillation 
and the remaining solution subjected to g.l.p.c. (carbowax 
20M? \  in, by 6 ft.). No reaction products were obtained. 
Similarly, the same reaction was Investigated after being 
at reflux temperature for 3 hours. G.l.p.c. (carbowax 20M;
\  in. by 6 ft.) showed no product formation.
30. Attempted Preparation of Dlnorbornenyl Tin Dlchlorlde.
Five mmoles (1,15 ml.) stannic chloride was added 
dropwise to a 50 ml. three necked round bottom flask equipped 
with a stirring bar, an argon atmosphere and containing 
10 mmoles (2,5 g.) isomer mixture. The solution began to 
turn yellowish brown and a considerable amount of heat was 
evolved. After 10 minutes upon complete addition of stannic 
chloride a white crystalline solid precipitated out. T h e : 
reaction solution was filtered leaving a white crystalline 
solid and a dark viscous yellowish brown liquid. The solid 
was identified as trimethyl tin chloride by I.R. and g.l.p.c. 
(carbowax 20M{ \  in. by 6 ft.) comparison with an authentic
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sample. Attempts to distill and recrystalllze the dark 
liquid (chloroform, acetone, pentane, methanol) failed.
31. Attempted Preparation of Norbornenyl Trlfluoro Tin 
Isomers.
One-hundredth mole (0.1 g.) lithium aluminum hydride 
suspended in 2 5 ml. anhydrous ether and 0 ,0 0 1 5 mole (0.138g.) 
blcycloheptadiene were placed in a 100 ml, three necked 
round bottom flask equipped with stirrer, addition funnel 
and reflux condenser, and maintained in an argon atmosphere. 
The reaction mixture was cooled by an ice water bath and 
0,001 mole (0 ,2 7 g.) stannic fluoride dissolved in 20 ml. 
anhydrous ether was added dropwise with constant stirring. 
Addition was complete in ^5 minutes, after which time the 
reaction contents was allowed to reach room temperature 
slowly. The reaction mixture was hydrolyzed by careful 
addition of 50 ml. water and the solution was extracted 
with 50 ml, anhydrous ether. The ethereal solution was dried 
over anhydrous magnesium sulfate and the ether removed by 
distillation. A g.l.p.c. (1, 2, 3 tris-2-cyanoethoxy 
propane; i In, by 15 ft.) indicated no reaction occurred 
since the blcycloheptadiene was totally unreacted.
32. Attempted Preparation of Bicyclo-/3»2«l7-hept-5-en-2- 
yltrlmethyltln.
(a) Carbene addition to Isomer mixture .-^ Zinc-copper 
couple was prepared by the method of Shank^^One gram Zn-Cu 
couple in 10 ml. anhydrous ether was placed In a 50 ml.
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three necked round bottom flask equipped with a stirring bar, 
addition funnel and an argon atmosphere. Two mmole (0.53 g.) 
methylene iodide was added to the Zn-Cu couple together with 
a few iodine crystals. Two mmoles (0.5 g*) isomer mixture 
dissolved in 5 ml. anhydrous ether was added dropwise. Upon 
complete addition the reaction contents was heated to reflux 
temperature for several hours. The black finely divided 
precipitate was filtered off and the filtrate distilled.
The ether was removed leaving a dark reddish brown liquid.
A g.l.p.c. (1, 2, 3 tris-2-cyanoethoxy propane; f in. by 
15 ft.) showed a large number of product peaks with retention 
times considerably less than that for the starting materials. 
This is an indication that either the iodine or zinc iodide 
cleaves the carbon-tin bond.
The reaction was rerun without added iodine crystals. 
Similar results were obtained. It is believed that the 
zinc iodide, acting as a Lewis acid, cleaves the carbon-tin 
bond,
(b) Potassium tertiary butoxlde method. The procedure 
of Hartzler -^9 was followed. A flask containing 5 mmoles 
(1 g.) isomer mixture was flushed with argon for thirty 
minutes and potassium tertiary butoxide (0,75 g.. ^ mmole of 
1:1 complex with tertiary butyl alcohol) was added. The 
slurry was stirred and cooled to -10°. Four mmoles (0.4-8 g,) 
chloroform was added over a 30 minute period with the tem­
perature maintained at -10 to 0°, The mixture became dark
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red brown during the reaction. Stirring was continued for 
three hours. The reaction mixture was extracted with 50 ml* 
pentane. The pentane was removed by distillation and the 
remaining solution was subjected to g.l.p.c. (1, 2, 3 tris- 
2-cyanoethoxy propanef \  in. by 15 ft.). A large number 
of product peaks were found having retention times con­
siderably less than the starting mixture of isomers. No 
attempt was made to characterize all of the peaks. It is 
believed that the potassium tertiary butoxide is such a 
strong base that it cleaves the carbon-tin bond.
33. Attempted Preparation of Triethyltin Isomers.
Five grams (0.055 mole) blcycloheptadiene were placed1 
in a 50 ml. round bottom flask equipped with magnetic stir­
ring bar and an argon atmosphere. The reaction contents was 
brought to 80° on an oil bath. Eight and one-half grams 
(0.0^ moles) triethyltin hydride is added dropwise over a 
one hour period. The reaction mixture was heated at 80° for 
an additional two hours. Vacuum distillation gave a product, 
b.p, 90-100° (0,1 mm.). G.l.p.c, (1, 2, 3 tris-2-cyano- 
ethoxy propane, silicon nitrile, carbowax 20M) failed to 
separate the three isomeric components.
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F. SUMMARY
Photolytic addition of trimethyltin hydride to 
norbornadiene afforded an isomer mixture of organotin com­
pounds (exo-dehydronorbornyl, 53$; endo-dehydronorbornyl,
36$; nortricyclyl, 11$). At a comparable temperature (60°), 
thermal addition yielded the same ratio of products. Varia­
tion of concentration and temperature in the photolytic 
reaction produce results indicative of atrTLeast two radical 
intermediates, The amount of nortricyclyl trimethyltin is 
decreased with a decrease in temperature and an increase in 
the amount of tin hydride. The decrease in nortricyclyltin 
is accompanied by an increase in the amount of endo-dehydro- 
norbornyl isomer relative to the other two isomers.
Photolysis of the product mixture with excess tri­
methyltin hydride results in isomerization of the norbornenyl 
trimethyltins to the nortricyclyl isomer. If other free 
radical sources are used (C^H^SH, C^H^SSCgH^, CCl^, BrCCl^) 
the following reaction occurs:
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The results can be rationalized in terms of an attack by A* 
followed (or accompanied) by loss of Sn« t
If Sn is replaced by C^H^S- in the norbornene similar reac­
tions occur. In all cases the endo isomer is more reactive 
than the exo. The results strongly indicate a displacement 
by a. carbon radical on carbon with preferred retention of 
configuration.
The isomer mixture was used as a model for an 
exploratory study of electrophilic cleavage reactions in 
homoallylic systems. It has been shown in this investigation 
that the double bond facilitates the displacement of the 
trimethyltin group.
Reaction conditions, products and relative reac­
tivities for the endo- and exo-norbornenyl trimethyltins are 
shown in Table XXIII and Table XXIV. In all cases the nor­
tricyclyl isomer was much less reactive than the norbornenes.
The relative rates show that the exo and endo 
isomers were not greatly different in reactivity, the 
greatest difference k exo/k endo ^  1^ when iodine was the 
electrophile. Since the isomers underwent electrophilic
A* +
Sn - B + A
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cleavages leading to the same product or products, a mecha­
nism involving a common Intermediate Is indicated. In some 
cases free radical or electron transfer mechanisms cannot he 
ruled out, e.g. copper (II) chloride and gold chloride.
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